


COMBUSTION 


\ 


DEVOTED TO THE ADVANCEMENT OF STEAM PLANT DESIGN AND, OPERATION 





| mead 




















ae 


/ 


a di, 4 df 











VIO) DENRUN BSH VEVAUVT BREQLPAUN pl RENO UES IV LENIN a 


No. 4 of a series presenting design and operating features of C-E products 



















































































Tile — Plastic fe YH 
Insulation } moncond fe) 
‘ 
Suspension Seam } 
= Tubes ~O 4 
Standard Tee Bar a f 
Seamless Rod WALA 
Tubes--OLii] Reinforcement 
Riser 
} 
L-4 Packing 
oy { 
“y ’ 4 
; / 
/ 4 / VA = | \ 
* J \ 
| Air Cooled [ ; Air Cooled Header 
| HE Supporting if ~<- Supporting f — 
| b Beam Bis Beam Standard | [i= 
| PRL | Seamless | 
i asi Tile Standard | 4 Tubes >) -Buckstay 
Seamless>| J") 
Standard f Tubes => Tile 4 
Seamless {1 Suspension | BE 
Tubes > + Tee Bar | : £ __Fire Brick 
| ; Angle Support _ 
| ___ Supporting | Bek — for Tile and 
| Angies it Rockwool 
ul ee 
a... ie oe Seal Plate 
Reinforcement Ff Suspension j 
{ Bar 
Plastic | 3] 
SS, Insulation Supply Tube F | 
S or #1] ~<— Steel Casing 
: Water Screen fe 
”/ pWater j 
Supply — 4 
mm Tube 
Plastic water cooled Steel cased water Solid brick water 
wall cooled wall cooled wall 

















Plans and sectional elevations of three types of C-E water cooled wall construction 


C-E Water Cooled Furnace 


For reducing maintenance and radiation loss and increasing capacily and availability of sleam generating unils 


FEATURES 


Arrangement may be varied to suit requirements. from abrasion by C-E integral blocks which are 
Close or wide tube spacing may be used. ‘Tubes fused to the tubes, thus avoiding joints which have 
may be cleaned in the same manner as boiler tubes. high resistance to heat flow. 


Exposed surface of tubes assures maximum heat 
absorption. Insulating materials and casings are 
supported or suspended independently of the tubes. 


For Pulverized Fuel Installations . . . In ad- 
dition to the wall cooling, it is customary to cool 
the bottom of the furnace. In dry bottom pul- 
verized fuel furnaces, plain tubes above the furnace 
floor form a screen which cools the ash and also 
protects the lower part of the furnace from exces- 
sive heat. In slagging bottom furnaces, water tubes 
form the furnace floor on which the slag bed rests. 


Tubes equipped with C-E 
integral blocks. Center 
view shows section 
through tube and block 


For Stoker Fired Installations . . . Tubes of 
the lower side wall and bridgewall are protected 





q. ft. of boiler heating surface are equipped with C-E water cooled furnaces 
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CAREY ALUMINO-HI-TEMP 


“For Furnaces, Ovens, Kilns, Ete. 
‘\ 1000° F. to 2500° F. 


Carey Alumino-Hi-Terhp blocks and bricks are de-- 
signed for use as the heat insulating medium in 
ovens, furnaces, kilns, lehrs, regenerator chambers, 
breechings, ducts, etc., where internal temperatures 
run as high as 2500° F. or higher. Alumino-Hi-Temp 
is essentially a processed bauxite high in alumina 
content and having unusually high heat resistance 
and heat insulating efficiency. 


\ 


CAREY HI-TEMP No. 12 


For Superheated Surfaces 
500° F. to 1200° F. 


Hi-Temp No. 12 is an insulating covering con- 
sisting of a combination of heat resisting and 
insulating materials, bonded with asbestos, for 
use on high temperature surfaces where maximum 
heat saving is required. It is specifically designed 
for use on superheated steam and hot oil lines, 
oil stills, ovens, boiler breechings, furnace walls 
and similar surfaces. 


CAREY 85% MAGNESIA 


For High and Medium Pressure 
200° F. to 550° F. 


Carey 85% Magnesia is a molded composition of 
not less than 85% basic carbonate of magnesia 
and approximately 15% asbestos fibre. It is the 
highest quality molded heat insulation obtainable 
for medium and high pressure steam pipes and 
surfaces. It is furnished in sections and segments 
for covering pipes. 


CAREYCEL INSULATION 


For Temperatures up to 300° F. 


Careyce! is provably the most economical heat in- 
sulation of its type yet developed for this tempera- 
ture range which covers the hot-water heating field 
and also steam lines carrying not over 100 Ibs. 
pressure per square inch. Tests show it cuts heat 
losses 30% over ordinary Air Cell, yet it sells in 
same price range. 















CAREY HEAT INSULATIONS 


85% Magnesia Pipe Coverings 

85% Magnesia Blocks 

85% Magnesia Cement 

Hi-Temp No. 12 Pipe Coverings 
Hi-Temp No. 12 Blocks 

Hi-Temp Cement 

Alumino Hi-Temp Cement 

Careycel Pipe Covering 

Careycel Blocks 

Laminated Asbestos Pipe Coverings 
Laminated Asbestos Blocks 
Corrugated Asbestos Pipe Coverings 
Corrugated Asbestos Blocks 

A-| Insulating Cement 

Asbestos Cements 

Thermalite Blocks 

Vitrocel Stack Lining 

Dicalite Insulating Powders 

Rock Wool Blankets 
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Tuts 


IS NO 
Pipe 
Dream! 


@ Permutit engineers will make a 
free survey of your plant and show 
you how you may be able to save thou- 
sands of dollars every year by the eli- 
mination of scale, sludge, and mud 
through proper water treatment. This 
is no pipe-dream! Here are the 
facts! 


In 20 years, Permutit has built and in- 
stalled water treating equipment for over 
9,000 boiler plants. This equipment was 
built for hard daily usage to give efficient 
service for less money, year after year. 
It was designed to save fuel, cut boiler- 
tube maintenance costs, actually pay for 
itself in savings within a short period of 
time. Records of our customers prove 
these savings. 


More than that, Permutit is constantly 
testing new uses, new appliances, and new 
water treating equipment to assure you 
even greater savings in the coming years. 


Right now, Permutit has a dollar-saving 
answer for every modern-day problem of 
water treatment. No pipe-dream promi- 





@ Permutit Continuous Boiler Blowoff Equip- 
ment. For continuously maintaining the de- 
sired concentration in boilers, with recovery of 
heat from the blowoff water. 
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ses... but effective, economical equip- 


ment proved by years of service. Study 
the list at the side. Check the equipment 
your plant needs. 


Let us make a free survey of your plant 
and recommend suitable water treatment. 
First, write for a free copy of ‘‘No Scale, 
No Sludge, No Mud,” a study of water 
treatment savings you can’t afford to pass 
by. Write: The Permutit Company, 
330 West 42nd Street, New York, N. Y. 





@ Permutit Automatic Zeolite Water Softener. 
Lowers the cost of producing soft water. No 
over-running. No under regeneration. Auto- 
matic controls can be applied to existing equip- 
ment. 








PERMUTIT PRODUCTS 


Equipment for removing hardness from 
water 
(1) Zeolite Water Softeners 
(2) Hot Process Lime Soda Water 


Softeners 

(3) Continuous Lime Soda Water 
Softeners 

(4) Intermittent Lime Soda Water 
Softeners 


(5) Lime Barium Water Softeners 
Rapionens for removing other impurities 
issol — in water 
Zeolite Type Iron and Manganese 
Removal Filters 
(2) Chlorine (Free) Removal Filters 
(3) Taste and Odor Removal Equip- 
ment 
(4) Color Removing Sagipment 
(5) Activated Carbon Filters 
Equipment for removing impurities sus- 
pended in water 
(1) Filters for Clarifying Water 
(2) Oil Removing Filters 
(3) Mechanical and Chemical Type Iron 
and Manganese Removal Filters 
Equipment for feeding chemical solutions 
to water 
(1) Automatic Apportioning Pressure 
and Gravity Fe 
Continuous blowoff systems 
(1) For Boilers 
(2) For Evaporators 
Ranarex gas density machines 
(1) For determining CO: in Flue Gas 
(2) For measuring Specific Gravity of 
Illuminating 
(3) For Determining Ammonia in Am- 
monia-Air Mixtures 
(4) For Determining Specific Gravity 
and BTU in Butane Air Mixtures 
(5) For Othed Applications Where Gas 
Density May Be Used as a Guide to 
Operation 





Permutit 
itor Trvating Equipment 














FDITORIA L 





Advance in Fuel Oil Prices 
Favor Coal in East 


Despite some advance in prices as a result of increased 
wages and shorter hours under Code operation, coal main- 
tains a strong position in competition with fuel oil for 
steam production in the East. This position appeared to 
be threatened two or three years ago when transient con- 
ditions in the oil industry led to contracts for fuel oil at 
very low prices, as a result of which many steam plants 
changed over to that type of fuel. Some of these con- 
tracts have expired and others will soon run out. Mean- 
while conditions have changed so as to preclude renewal 
in most cases on such favorable terms. 

In the last four years, according to The Lamp of the 
Standard Oil Company of New Jersey, the consumption 
of oil for domestic and commercial heating has increased 
five-fold. In the same period increased cracking for 
gasoline production has reduced the yield of fuel oil from 
the crude, from 38 to 32!/2 per cent. Moreover, the pro- 
duction of crude is being regulated, the stocks of fuel oil 
have been decreased greatly, and the Government, 
through the imposition of heavy duties, has restricted the 
imports of crude from South and Central America. 
These crudes from Columbia and Venezuela are not as 
high in gasoline as the domestic crudes, hence they pro- 
vided substantial quantities of fuel oil that were con- 
sumed in the East. 

While considerable fuel oil is now being shipped from 
the California refineries via the Panama Canal, the de- 
livered cost is relatively high and stocks are being de- 
creased. Any marked stimulus to overseas trade or 
travel would increase the demand for marine use and 
would probably result in further increase in price. 

A large oil-burning central station has already changed 
back to coal; the Equitable Building, one of New York 
City’s largest office buildings, has ordered stokers to re- 
. place oil under enough of its boilers to carry the load; 
and some industrials are doing likewise. Managements 
of a number of other oil-burning plants have requested 
proposals for stokers and are withholding final decision 
pending assurance as to whether the situation is tem- 
porary or is likely to obtain for a considerable period. 

In these times it is difficult to forecast, but there are 
certain factors which would indicate that fuel oil prices 
are likely to remain high-for some time. In the first 
place, there is a marked disposition in governmental circles 
to protect domestic industries by limiting imports. 
Secondly, the present oil code will function for another 
year. Finally, a bill is now pending, with Administration 
backing, which would provide for permanent control over 
petroleum production. The proponents of state’s rights 
have challenged some of ‘its provisions, as they have the 
present oil code, but this issue will require determination 
by the courts and consume considerable time. Regard- 
less of the decision, it is generally conceded that the old 
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order of unregulated production must give way to some 
form of control over supply to meet demand and thus 
prevent flooding the market with cheap oil. 

It would appear from these considerations that, for the 
present and probably for some time to come, steam plants 
in the East that use fuel oil must justify its selection on 
grounds other than price when their existing favorable 
contracts expire. 


Obsolete Boiler and Firing 
Equipment 


A recent survey by The National Provisioner of sixty- 
nine plants in the meat packing industry showed that of 
two hundred and four boilers in regular service, twenty- 
five per cent are over twenty years old and twenty-one 
per cent are hand fired. That so large a number are fired 
by hand is surprising in this era of labor saving equip- 
ment and the urge to keep down labor costs. 

While there may be other industries more progressive 
with reference to power plant practice, it is reasonable to 
assume that this situation is fairly representative of in- 
dustry in general. It bears out the assertion, often made 
by those in position to speak authoritatively, that in- 
dustry is today handicapped by much obsolete equip- 
ment and out-of-date practices. 

Operating engineers are fully cognizant of the situa- 
tion and are apprehensive of the plight that faces them. 
They have been active in trying to convince their man- 
agements as to the necessity of taking corrective mea- 
sures. That many have succeeded is indicated by the 
large number of inquiries now pending for replacements. 
An encouraging number of contracts have already been 
let but many more are awaiting the release of funds. 

With the Government at last giving heed to the plight 

f the capital goods industries the way may be eased for 
correcting this situation to some extent. 


Congratulations 


Our contemporary, Power, this month celebrates its 
Fiftieth Anniversary. Its June issue is fittingly dedi- 
cated to Fred R. Low, editor emeritus, who while no 
longer active in the editorial affairs of the paper, has 
been spared to witness the half-century mark in a service 
to which he devoted his life. 

In a sense, fifty years is not such a long time, yet, 
measured in terms of accomplishment in power genera- 
tion and application, this particular period is an era. 
To have witnessed this far-reaching development is in- 
deed a privilege; but to have been associated with it, to 
have reflected its progress step-by-step and to have con- 
tributed to it in an educational sense, must be a great 
satisfaction. 

Our congratulations to both Power and to Mr. Low. 


COMBUSTION—dJune 1934 




















Barking Station Extension 
Brings Capacity Up to 390,000 Kilowatts 


By DAVID BROWNLIE, London, England 


NTEREST attaches to the 150,000-kw exténsion, 
which has recently been completed and placed in op- 
eration at the Barking Power Station of the County 

of London Electricity Supply Co. Ltd. This brings the 
station capacity up to 390,000 kw, making it the largest 
in the British Empire, and among the largest and most 
important in Europe. Plans have been prepared for the 
installation of another 150,000-kw section which will 
complete the original layout for a plant of 540,000 kw. 

The main features of the present extension are moder- 
ate size boilers (256,000 Ib per hr maximum evaporation), 
moderate steam pressure (625 lb per sq in.), high super- 
heat (825 F total temperature), economizers as well as 
air heaters, traveling-grate stokers with preheated air at 
225 F, secondary forced-dzaft fans, centrifugal dust 
separators for the stack gases, 250-ft brick stacks, me- 
dium size turbine-generators (two of 75,000 kw) and no 
reheating. Obviously, this is a conservative, though well 
designed, job, in which the main objectives were simplicity 
and reliability, to reduce maintenance and outage without 
undue sacrifice of thermal efficiency. | 

This design is representative of recent tendencies in 
British power-station practice. For example, the steel 
stack is losing favor because of the difficulties from corro- 
sion, while the short stack gives too much trouble from 
dust, as well as acid fumes. Consequently, brick’ or 
concrete stacks, 250 to 350 ft high, are now coming into 
favor. The Barking extension also shows that British 
power-station designers are making greater use of glass 
for walls, the total area being about 70 per cent glass and 
resembling in this respect the Dunston B. Station at 
Newcastle. 

Secondly, Barking emphasizes the fact that no one 
method of firing boilers has reigned supreme in Great 
Britain for a number of years past. The first section of 
100,000 kw at Barking, started operation in 1925, and 
had traveling-grate stokers, while the second section, 
known as the ‘“A”’ station of 140,000 kw, commenced 
operation in 1931 with bin-and-feeder pulverized-fuel 
equipment, also steam reheating. In the latest exten- 
sion, however, known as the “B’’ station, traveling- 
grate stokers have again been adopted, and reheating is 
not included. The station is located at Creekmouth, 
Barking, a few miles outside of London, on the North 
bank of the River Thames. 

The boiler room of the latest extension contains eight B 
& W type boilers with interdeck convection superheaters, 
water walls, economizers and air heaters, the normal 
evaporation being 205,000 lb per hr, and 256,000 Ib 
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The recent 150,000-kw extension to the 
Barking Station (London) makes it the 
largest generating station in the British 
Empire. It consists of two turbine-gener- 
ators, eight stoker-fired boilers with econ- 
omizers, air heaters and high brick stacks 
to cope with the dust and acid fumes. 
The steam conditions are 625 lb and a total 
temperature of 825 F. No reheating is 
employed. 


maximum. The steam conditions are 625 Ib per sq in. 
and 825 F, with allowance for a maximum steam tem- 
perature of 840 F, if desired. Forged-steel drums 2!/; in. 
thick and 4 ft inside diameter are employed. The water 
heating surface of each boiler is 21,700 sq ft, the water 
walls are 1776 sq ft and the superheating surface 8030 
sq ft.. The combustion chamber has a volume of 13,400 
cu ft. 

As regards the economizers, these are of the Foster 
gilled steel-tube type, the heating surface being 22,176 
sq ft for each boiler. The normal temperature of the 
feedwater entering the economizers is 340 F, which is 
raised to about 420 F under average running conditions, 
although they may be operated as steaming units if 
necessary. 

The eight boilers are arranged in two rows of four each 
with the firing aisle between. On the west side the boil- 
ers are equipped with B & W traveling-grate stokers 
while those on the east side have ‘“‘Underfeed Type L” 
traveling-grate stokers. The stokers are of the twin 
type and are driven by means of two self-contained gear 
boxes mounted at each side, and providing eight speeds. 
The air heaters for the latter run of boilers are of the 
“Usco” multiple-plate type of 17,595 sq ft heating sur- 
face each. 

The arrangement of the boiler setting is such that the 
gases pass out at the top of the boiler, down through the 
economizers, and up through the air heaters, which are 
in two sections, and discharge to a group of centrifugal 
dust extractors at the base of the stacks. The latter are 
four in number, two to each row of four boilers, 30 ft out- 
side diameter at the base and 23 outside diameter at the 
top. 

Each boiler has two induced-draft fans and two 
forced-draft fans. The latter discharge cold air through 
the air heaters which, as already stated, deliver to the 
traveling-grate stokers at about 250 F. Each forced- 
draft fan has a capacity of 56,000 cu ft of air per minute, 
at 250 F, and operates against 6!/2in. W.G. Each of the 
induced draft fans is capable of handling 67,000 cu ft of 
combustion gases per minute at 300 F under 11.8 in 
W.G. They are direct driven by 280-hp motors. All 
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Looking along the firing aisle at Barking Station 
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the fan motors, taking 50-cycle, three-phase current at 
400 volts, are of the enclosed squirrel-cage type with two 
speeds, that is 575 rpm and 725 rpm. On six of the 
boilers the fans are driven through flexible couplings, and 
on the other two through variable-speed gears. 

In addition, each boiler has two single-inlet secondary 
fans, which take air from the forced-draft discharge, and 
deliver to an air duct situated at the front of the furnace, 
the object being to produce an increased pressure in the 
combustion chamber. Operation can also take place 
with cold air instead of preheated air should the air heat- 
ers be out of service. Each boiler also has a battery of 
six Davidson centrifugal dust separators in two rows of 
three separators each, all located near the stack base. 

The control portion of the boiler plant is well laid out. 
The coal burned under each boiler is measured by an 
automatic coal weigher as well as by Lea coal meters. An 
instrument panel is provided for each boiler, these panels 
being fitted with a duplex steam meter as well as steam 
and an air flow indicator, and electrical pyrometers for 
measuring the temperature of the combustion gas and the 
water. In addition, the superheated steam and the air 
heater temperatures are indicated by mercury steel-dial 
thermometers. The CO, recorders and indicators are of 
Ranarex type, while Arca automatic regulators are pro- 
vided to control the operation of the induced-draft fans 
and maintain the suction in the combustion chambers at 
any required amount. That is, the boiler attendants 
alter the speed of the forced-draft fans as required, 
according to the varying demands for steam, but the in- 
duced-draft fans are adjusted automatically. 


Parsons water gage projectors are located on the firing 
floor so that the attendants can readily see the exact level 
of the water in the gage glasses. The principle of this 
new projector is that a beam of light is reflected on a 
ground glass screen, and the visibility is such that the 
levels can be easily seen upon an enlarged scale at a con- 
siderable distance even in daylight. 

The coal handling plant for the whole station has also 
been considerably extended, taking coal direct from 
vessels on the River Thames and delivering to the over- 
head bunkers of the boiler house or to coal storage be- 
tween the boiler house and the jetty, although if neces- 
sary coal can also be brought by rail. The jetty is 1000 
ft long and will take vessels up to 5000 tons. The coal is 
unloaded from the vessels by grab buckets and cranes 
which deliver to belt conveyors. 

The stokers discharge to enclosed firebrick-lined cast- 
iron hoppers in which the ash is quenched and in turn 
discharged through hydraulically operated valves to a 
Hydrovac water sluicing system which also handles the 
dust from the air heaters, economizers and centrifugal 
separators. 

The two 75,000-kw turbine-generators are of British 
Thomson-Houston make. The normal steam conditions 
at the stop valve are 600 lb, and 800 F but the turbines 
have been constructed to allow up to 700 lb and 850 F. 
They are of the three-cylinder compound type. The 
high-pressure cylinder is entirely of steel and has nineteen 
impulse stages, the rotor blades being of stainless steel. 
The intermediate pressure cylinder is also of steel, except 
at the exhaust end, which is cast iron, and has twenty im- 
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One of the two 75,000-kw turbine generators 
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The three sections of Barking Station. 
large glass area in the latest extension. 


pulse stages. The low-pressure cylinder is of cast iron. 
There are four bleed points for feedwater heating. Elec- 
tricity for station service is supplied by a 3500-kw house 
turbine. 

Each turbine has a 68,000 sq ft condenser requiring 
51,000 Imperial gallons of water per minute to maintain 
lin. vacuum. The average water velocity through the 
condenser is about 4.6 ft per sec. There are four motor- 
driven circulating pumps of the vertical, double-suction 
type, each having a normal duty of 470,000 lb of water 
per minute against a head of 41 ft when running at 367 
rpm. 

‘ondies water is supplied by evaporators, taking 
steam from the turbines, and with special provisions for 
thoroughly deaerating the water. A lime and soda 
water-softening plant also forms part of the installation. 





William Lloyd, for many years identified with the 
design, manufacture and sales of Coxe stokers, has again 
become associated with the engineering department of 
Combustion Engineering Company, Inc., in much the 
same capacity as that of some years past. While 
Mechanical Superintendent for the Lehigh Valley Coal 
Company, Mr. Lloyd became interested in the develop- 
ment of the Coxe Stoker and was responsible for many 
of the earlier installations. In 1914 he became President 
of the Coxe Traveling Grate Company and later was 
made President of the Coxe Stoker Engineering Com- 
pany which subsequently was affiliated with Combustion 
Engineering Corporation. 





E. S. McClelland, director of personnel of Westing- 
house Electric & Mfg. Company since 1920, recently re- 
tired after fifty-three years’ continuous service with that 
company. In seniority, he outranked all other veterans 
of Westinghouse having started in 1881, at the age of 17, 
as foundry helper of the Westinghouse Machine Company. 
After advancing through the ranks, he became succes- 
sively chief engineer, assistant general superintendent, 
works manager and director of personnel. 
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Some Notes on Evaporators for 
Power Plant Use 


By C. W. MESSERSMITH 
Engineering Experiment Station, 
Purdue University 


HE trend toward higher temperatures and pres- 
sures used in boiler operation has increased the 
importance of evaporators for providing boiler- 

feed makeup water. The modern central station re- 
quires so little makeup water that it usually can be pro- 
duced by a single-effect evaporator, the vapor produced 
being condensed by the condensate from the main units 
and by feedwater to the evaporator. However, when 
large quantities of distilled water are required, it is not 
possible to condense all the vapor, and the use of the 
multiple-effect evaporator is necessary. 

In order to illustrate the results obtained by operating 
a double-effect evaporator under various methods of 
feeding, Fig. 1 was prepared. Curves are shown for the 
amount of vapor produced in each effect and the total 
for both effects when operated by parallel circuit, parallel 
feed and counter-circuit systems; and also a single 
effect operating over the same total temperature differ- 
ence. Parallel circuit means that the feedwater enters 


VAPOR PRODUCED PER POUND OF STEAM (POUNDS) 


*PARALLEL 
EFFECT -PARALLEL FEED 
EFFECT- 





“60 100 140 180 220 260 500 540 
TEMPERATURE OF FEEDWATER (DEG FAHR) 


Fig. 1—Vapor produced by double-effect evaporator versus 
temperature of feedwater 


the same effect as the steam supply to the system and 
flows parallel to it as illustrated in Fig. 2. With parallel 
feed, each effect is fed independently from the same 
source, Fig. 3 illustrates this method. The counter 
circuit shown in Fig. 4 requires a pump between each 
effect in order to take the water from the low-pressure 
effect and force it into the higher one. 

The conditions assumed for this example approxi- 
mate closely those found in‘a modern plant and are as 
follows: 
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Steam supply—340 lb per sq in. abs and 660 F 

First effect—steam of 100 per cent quality leaves at 
318 F 

Second effect—steam of 100 per cent quality leaves at 
242 F 

Condensate from first and second effects is cooled to 
20 deg and 10 deg, respectively, below saturation tem- 
perature. Radiation and loss from blowdown have been 
neglected in the computations. 

From Fig. 1 it will be seen that, other conditions 
being equal, the counter circuit will produce the greatest 
amount of distillate until a feedwater temperature is 
reached which is approximately equal to the working 
temperature of the second effect. With a feedwater 
temperature ranging between first and second effect 
operating temperatures, the parallel feed produces the 
most vapor; while with feed temperatures above that 
of the first effect, the parallel circuit gives the greatest 
amount of vapor. Although the counter circuit produces 
the most vapor at low feed temperatures, it also requires 
a larger condenser capacity serving it since it produces 
more vapor from the second effect than do either of the 
other two methods. 

In an article entitled “Evaporators for Boiler-Feed 
Make-Up Water’ in the transactions of the A.S.M.E., 
Volume 50, number 15, page 211, W. L. Badger states 
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With 80 F feedwater having 48 Btu per lb, 
In the first effect 
1343.5 — 384.72 = (1184 — 48) MW; 
Wi = 0.844 lb 
In the second effect 
(1184 — 277.73)Wi = (1160.9 — 48) W: 
Soe 9W: 
W: = 0.688 lb 
W = Wi + W:2 = 1.532 lb 











Fig. 3—Illustrating parallel feed 


The advantages of this arrangement are that more vapor 
is produced per pound of steam supplied (unless the feed 
is at a temperature higher than that of the first effect) 
and that one effect may be removed from operation for 


EFFECT OF FEEDWATER TEMPERATURE UPON AMOUNT OF VAPOR PRODUCED PER POUND OF STEAM SUPPLIED 
Pounds of Vapor Produced 


Tempera- Double Effect 
ture Parallel Circuit Parallel Feed Counter Circuit 
of Feed- First Second First Secon First Second Single 
water, F Effect Effect Total Effect Effect Total Effect Effect Total Effect 
80 0.692 0.718 1.410 0.844 0.688 1.532 0.985 0.802 1.787 0.958 
120 0.735 0.763 1.498 0.875 0.739 1.614 0.985 0.832 1.817 0.993 
160 0.784 0.814 1.598 0.908 0.797 1.705 0.985 0.864 1.849 .032 
200 0.840 0.872 1.712 0.944 0.862 1.806 0.985 0.899 1.884 1.074 
240 0.906 0.941 1.847 0.983 0.936 1.919 0.985 0.937 1.922 1.119 
280 0.983 1.021 2.004 1.026 1.020 2.046 0.985 0.979 1.964 1.169 
320 1.075 1.116 2.191 1.073 1.116 2.189 0.985 1.025 2.010 1.224 


that, ‘‘The usual method is to feed directly into the 
first or highest-pressure effect, draw liquid from effect to 
effect by the decrease in pressure, and finally discard 
from the lowest-pressure or last effect.” The writer has 
been unable to find any power plant installations where 
this method is used. On the contrary, all heat balance 
diagrams available showing multiple-effect evaporators 
had hook-ups to operate on the parallel-feed system. 


cleaning without the installation of extra by-pass piping. 
Fig. 1 shows the vapor produced by one effect operating 
over the same total temperature range as the double 
effect and having the same steam supply. It is interest- 
ing to note that the latter curve approximately parallels 
the one for total output with counter circuit, the tem- 
perature of the feedwater not causing as great an effect as 
it does with the other two systems. 
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With 80 F feedwater having 48 Btu per lb, 

In the first effect 
(1184 — 48) Wi + (288.09 — 48)W: = 1343.5 — 384.72 
1136Wi + 240.09W: = 958.78 

In the second effect 
(1184 — 277.73)Wi = 1160.9 — 288.09) W: 
We = 1.039Wi 

Substituting this in the equation for the first effect, 
Wi = 0.692 lb; then W: = 0.718lband W = 1.410 Ib 
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Assume 80 F ~ he having 48 Btu per lb, 
In the first effec 
1343.5 — 384. 52 = (1184 — 210.29) W; 
Wi= a 
In the second e 
1184 — OTT. aS iW, = (1160.9 — 43) 7 
$06.27 X 0.985 = 1112.9W: 
W: = 0.802 lb 
W = 1.787 lb 











Fig. 2—Illustrating the parallel circuit 
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Fig. 4—Illustrating counter circuit 
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“Natural Silicates— 


Their Deposition as Objectionable 


Formations Within Boilers” 


By CYRUS WM. RICE 
Water Chemist and Engineer, Pittsburgh 


EXT to oxygen, silicon is the most abundant 
element in nature. Here it is contained largely 
in the form of silicates. The solid crust of the 

earth holds compounds of this material in quantities 
approximating nine-tenths of its volume, the greater 
portion of this carrying more than 50 per cent silicates. 
Hardly a formation is free of its influence, rocks, shales, 
clays and sandstones containing by far the greatest 
amount of these in combination with calcium, mag- 
nesium, aluminum and the more complex silicate com- 
pounds. 

With such a large percentage of the earth’s crust made 
up of silica and silicates it is small wonder that the water 
supplies are not free of its contaminations. That this 
holds true is clearly indicated by every analysis of waters 
in use for steam generation and other purposes. They 
are contained in the many different water supplies in 
several forms but the most objectionable, from a boiler 
scale-forming standpoint, is silicic acid. 

In reporting the various water analyses which enter 
into discussion of this subject, the writer has converted 
the ionic form in which these are reported by the labora- 
tory to the combinations in which they are most likely to 
deposit under the constantly increasing concentrations 
within boilers. The parts per million also has been con- 
verted to grains per gallon, because of the more universal 
understanding of this term by power plant engineers. 

In our experience of analyzing many waters we find the 
quantities of soluble silicic acid to vary from a trace 
to about 100 parts per million or 6 grains per gallon 
expressed in terms of SiOz. 

Some authorities! give the solubility of silicic acid it- 
self under alkaline and carbonic acid influences common 
to some well waters at better than 12 grains per gallon 
(terms SiO,). 

The next most common forms of silica contaminations 
are the finely divided clays. These pollute the streams 
during freshets. Following is a typical example from 
Mississippi River water: 


High Water Low Water 
(Grains per U. S. Gal.) 
(a) (b) 
Calcium bicarbonate (CaCOz) 5.45 §.72 
Magnesium bicarbonate (MgCOs) nil 1.92 
Calcium sulphate 0.23 nil 
Magnesium sulphate 2.90 3.49 
Sodium chloride 1.13 1.62 
Silicic acid (H2SiQ:) 2.50 0.72 
Iron and aluminum oxide 0.32 0.09 
Suspended matters (clay) 61.50 + a eS 
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The author cites the prevalence of silica 
in practically all sources of boiler feed 
supply, the most objectionable form, 
from the scale-forming standpoint, being 
silicic acid. The difficulties of prevent- 
ing silica deposits are discussed and the 

_ effectiveness as well as the limitations of 
treatments with zeolites, phosphates, lime 
or lime soda, sodium aluminate and col- 
loids, alone or in various combinations, is 
discussed. Numerous analyses of deposits 
with such treatments and of the original 
waters are included. 


The large amount of suspended matter in Case (a) 
was due almost entirely to the presence of finely divided 
clays. Waters of this kind also carry more or less col- 
loidal silica, which is characteristic of the Mississippi 
and similar rivers during flood seasons. 

Probably the least common of the silica contamination 
in industrial supplies is the truly colloidal type. These 
occur in some water supplies, regardless of the season of 
the year or high-water conditions as shown in the follow- 
ing example of a Texas River water: 


Grains per U. S. Gal. 


Calcium bicarbonate (C2COs) 0.46 
Magnesium bicarbonate (MgCOs) nil 
Calcium sulphate 1.89 


Magnesium sulphate 
Sodium sulphate nil 


Sodium chloride 2.60 
Silicic acid (H»SiOs) 1.70 
Iron and aluminum oxide 0.60 
Suspended matter 2.05 


This analysis represents a supply which is pumped 
from a river mostly in open ditches for nearly 40 miles 
and is then stored in a clay-lined reservoir. Removal 
of this contamination proved a real problem but was 
met successfully through a combination alum and sul- 
phuric acid treatment. 


Sulphate Depositions Easy to Prevent Through Soda 
Treatments 


Up to a comparatively few years ago, silica in the feed- 
water was not recognized as a boiler scale-producing 
constituent, it being then generally understood that 
calcium sulphate was the only ‘“bugaboo.”’ Today, 
the conditioning of either the boiler feedwaters or boiler 


concentrates for the prevention of calcitm sulphate de- 
1 Struckmann—A-94.341; Maschke, J., pr. 68.234; Liebig A-94-373; Gra- 


ham, A., 121-36; C. J. B. Karsten; Pogg 6-353 from Comey-Hahn Dictionary 
of Soluble Chemicals. 
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posits is our simplest problem as every soda water- 
softening agent is effective in preventing its deposition. 
The following reactions indicate this universal use of 
the commercial sodas in preventing deposits of calcium 
sulphate: 


(1) Calcium sulphate + Sodium carbonate (soda ash) 
aSOu NazCOs 
(2) Calcium sulphate + Trisodium phosphate 
3CaSO. asPOs 
(3) Calcium sulphate + Disodium phosphate 
38CaSOu 2NazHPQs + 2NaOH 
(4) Calcium sulphate + Monosodium phosphate 
38CaSO, 2NaH2PQs + 4NaOH 
(5) Calcium sulphate oa Meta sodium phosphate 
3CaSO. 2NaPO;3 + 4NaOH 
(6) Calcium sulphate + Barium hydroxide 
CaSO« BaOH 
(7) Calcium hydroxide + Carbonic acid 
Ca(OH): H:2COs3 


In any one of these seven reactions calcium is pre- 
cipitated as an insoluble sludge and the sulphate goes 
to sodium sulphate in which form it is very soluble. 

In practice the theoretical chemical requirements 
for bringing about the maximum precipitation of cal- 
cium are exceeded more or less, the degree depending 
upon the quality of water, operating conditions, reaction 
time and degree of conversions of the treating chemicals 
within the boilers to less effective mediums. This soda 
excess also varies with the sulphate content but, regard- 
less of the many influences, all deposits of calcium sul- 
phate can be prevented entirely within the boiler if the 
correct soda conditioning of the concentrates is main- 
tained. 


More Difficult to Prevent Silica Depositions 
with Soda Treatments 


This does not hold true with silica, as deposits con- 
taining high percentages of silica take place in every 
section of the boiler, regardless of the soda treatment 
employed. Examples showing high silica depositions 
in the presence of phosphate treatments within boilers 
follow: 


Outside Fire-Exposed 
Drum Tube 
(a) (b) 
Per Cent Per Cent 

Silica 42.56 47.72 
Ferric oxide 3.20 5.60 
Calcium oxide 4.64 22.28 
Magnesium oxide 12.50 1.35 
Sulphuric anhydride 0.31 0.03 
Phosphoric anhydride 18.50 1.91 


The samples were taken from the same boiler at the 
same cleaning. Representative analysis of the feedwater 
causing these deposits are: 


Grains per U. S. Gallon 


Temporary hardness (CaCOs) 0.65 
Permanent hardness (CaCOs) 0.10 
Total dissolved solids 72 
Suspended matter 0.08 
Calcium bicarbonate (CaCOs) 0.52 
Magnesium bicarbonate (MgCOs) 0.11 
Magnesium sulphate (MgSO,) 0.12 
Sodium sulphate (Na2SO,) 0.30 
Sodium chloride (NaCl) 0.35 
Iron and alumina (R2QOs) 0.09 
Silica (SiOz) 0.23 
Permanganate consumed (KMnQ,) 0.29 
pH 6.6 


The results under this exhibit with the phosphate 
treatment showed large quantities of magnesia in the 
drums and proportionately insignificant amounts in the 
tubes, although the percentage of silica was high in both 
locations and unit area evaporation in the fire-exposed 
tubes was many times that in the outside drum. These 
same percentage silica deposits occurring under two 
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extreme evaporating conditions rather indicate that this 
material exists in the soluble and precipitated form in all 
sections of the boiler. Again, -as silica deposits take 
place over the highest evaporating areas, under condi- 
tions similar to those which cause sulphate depositions, 


Calcium carbonate + Sodium sulphate 
CaCOs Na2SOx 
Calcium phosphate + Sodium sulphate 
Cas 2PO, 3Na2SOu 
Calcium phosphate + Sodium sulphate + Water 
az 2PO« 3Na2SOs 2H20 
Calcium phosphate + Sodium sulphate + Water 
Caz 2PO, 3Na2SOu H20 
Calcium phosphate + Sodium sulphate + Water 
Caz 2PO, 3Na2SO, 2H20 
Barium sulphate + Calcium hydroxide 
BaSO, Ca(OH): 
Calcium carbonate + 2H:20 
CaCO; 


the manner of such formations must principally be 
through evaporation. This disposition to cause high 
percentage silica deposits in every section of a boiler is 
characteristic of silica with few exceptions. 

The many different combining and solubility values 
of silica compounds in a boiler, together with the in- 
fluence the concentrations of some salts have in causing 
insoluble silica precipitates and the influence of others in 
increasing the solubility of silica, give this constituent so 
many variables as to make the use of chemical or micro- 
scopical methods of analysis of the deposits alone rather 
impractical from an operating control viewpoint. These 
can best be determined through the complete mineral 
analyses of a representative sample of a boiler con- 
centrate and comparison of this with a similar analysis 
of the feedwater. This is the one sensible practice in 
that it shows in unmistakable terms the effect any treat- 
ment in use may have in preventing or removing silica 
depositions, either through precipitation or evaporation. 
Not only this, but it shows this effect under steaming 
conditions as against the shut-downs required for other 
controls. 

Treatment conditions for preventing silica depositions 
are satisfactory in these comparisons when silicate 
chloride relations in both the feed and blow-down waters 
remain approximately the same. The influence of 
evaporation on silica depositions is contrary to that of 
sulphates as the latter accumulate over the heating sur- 
faces nearly in proportion to the water evaporated per 
unit area. These evaporation influences occasionally 
indicate a contrary trend but this follows only where de- 
posits containing sulphates are disintegrated over the 
higher evaporating areas and then gather in the less 
active sections of the boiler. 

In this and the subsequent discussions regarding the 
failure of soda treatments to prevent silica deposits the 
pH value of the boiler concentrates were in excess 
of 11.0, thereby precluding any influence of an under- 
treatment in causing silica deposits. As the cases 
selected for this discussion were either zeolite-treated or 
natural soda waters, this pH value mostly approximated 
a value of 12.5. 

Other facts of interest under this case are the much 
higher calcium oxide, and low magnesium oxide content 
in the analysis of the sample from the fire-exposed tubes, 
all of which is characteristic of such deposits where 
correct treatments are applied. The early precipitation 
of magnesium as a magnesium hydroxide is largely 
responsible. This influence of hydroxides on magnesium 
also clearly limits the work of the phosphates to the pre- 
cipitation of calcium. 
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With magnesium out of the way first, the activity of 
the phosphates is confined mainly to removal of calcium 
from the boiler concentrates. This same influence which 
removes magnesium also largely prevents combinations 
between silica and magnesium in the formation of mag- 
nesium silicate. 

Treatments other than phosphates are no different in 
preventing the formation of silica deposits within the 
boilers. The best zeolite treatment of some waters 
will bring about depositions of the same character. 
The following analyses show the results of such a 
treatment: 


(a) (b) 
Per Cent Per Cent 

Silica 46.28 46.6 
Ferric oxide 9.80 7.68 
Aluminum oxide 1.54 3.32 
Calcium oxide 29.88 32.00 
Magnesium oxide 1.16 0.83 
Sulphuric anhydride 0.06 none 


Supplementing zeolite treatments with phosphates 
also failed to prevent these high percentage silica deposi- 
tions in other cases. This occurs even with the best 
kind of a zeolite operation and in the presence of liberal 
phosphate excesses in the boiler concentrates. Follow- 
ing is a representative analysis of the water responsible 
for such deposits: 


Zeolite—24-Hr Sample 
(Grains per U.S. Gallon) 


Pht. alkalinity (CaCOs) 0 
M. O. alkalinity (CaCOs) 1.63 
Total dissolved solids 7.21 


Suspended matter 0.13 
Calcium bicarbonate (CaCOs) 


Magnesium bicarbonate (MgCOs;) 0.04 
Sodium bicarbonate (NaHCOs) 2.58 
Calcium sulphate (CaSO,) nil 
Magnesium sulphate (MgSO,) nil 
Sodium sulphate (Na2SOx,) 2.67 
Sodium chloride (NaCl) 1.30 
Silica (SiOz) 0.56 
Iron and alumina (R2Os3) 0.02 
pH 7.6 


Early attempts to maintain the correct sulphate to 
alkalinity ratio started trouble by increasing the volume 
of silica depositions over the straight zeolite treatment. 
The resulting deposits proved so objectionable that 
the sulphate to alkalinity ratio was abandoned for a 
supplemental phosphate treatment. This was con- 
tinued for a year. The phosphates were maintained in 
the boiler concentrates during this period in excess of 
10 grains per gallon (terms Na;PO,). While the results 
were better than the straight zeolite the formation of 
‘objectionable silica deposits was not prevented. 

This influence of sulphates in causing silica formations 
is not uncommon with zeolite operations as many 
similar depositions occurred where attempts were made 
to maintain the sulphate to alkalinity ratio recommended 
by the A.S.M.E. The scale deposits in this case aver- 
aged about 45 per cent silica. 

Analysis of samples of boiler scale for a pre-lime and 


after-phosphate treatment of a natural soda water 
follow: 


(a) (b) 

Per Cent Per Cent 
Silica (SiOz) 45.8 40.2 
Iron oxide (Fe2Os:) 4.4 10.8 
Calcium sulphate (CaSO,) 0.7 0.7 
Phosphoric anhydride (P2Os) ee 0.4 


Representative analyses of the water responsible for 
these deposits are: 
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(a) (b) 
Treated Water 
(Grains per U. S. Gal.) 


Total dissolved solids 9.78 13.85 
Suspended matter 0.16 ee 
Calcium bicarbonate (CaCOs) nil ee 
Magnesium bicarbonate (MgCOs) nil a 
Sodium bicarbonate (NaHCOs;) 2.84 4.60 
Calcium carbonate (CaCOs) 0.48 0.60 
Magnesium carbonate (MgCOs) 0.31 0.14 
Sodium carbonate (Na2COs) 0.05 1.20 
Sodium hydroxide (NaOH) nil i 
Calcium sulphate (CaSO,) nil nil 
Magnesium sulphate (MgSO,) nil nil 
Sodium sulphate (Na2SO,) 1.63 ee 
Calcium chloride (CaCl) nil oa 
Magnesium chloride (MgClz) nil cn 
Sodium chloride (NaCl) 3.50 3.45 
Silica (SiOz) 0.95 2.04 
Iron and alumina (R2Os) 0.02 0.11 
pH 10.0 9.8 
Permanganate consumed 

(KMnO,) 0.71 0.69 
Silica per grain of salt 0.27 0.59 


Here the maintenance of concentrations greater than 
15 grains of phosphate failed to make good. The silica 
contained in the deposits in this Exhibit averaged 35 
per cent and while it was not hard it was not totally 
satisfactory. 


Quantity of Soluble Silica per Gallon No Index of Its 
Scale-Producing Properties 


In the foregoing examples grains of silica per gallon 
failed as a guide for determining the silica scale-forming 
characteristics of a water. The nearest index for pre- 
dicting this trend of a water is the percentage of silica it 
contains in relation to its total precipitating solids. This 
is particularly applicable to waters treated internally. 
The same index applies to a less degree to zeolite and nat- 
ural soda waters which cause high boiler soda concentra- 
tions. 

Table I shows the influence of this index for various 
kinds of waters. Cases 1, 2, 3, 4, 5 and 9 were all phos- 
phate, internal treated with no pre-treatment. Some 
of these included a colloid. Cases 6, 7 and 8 were 
straight zeolite and Case 10 was treated alone with a 
colloid. The treatments in all these cases proved 
totally satisfactory with the exception of Case 9. 

The value of this index is reflected in the comparison 
of Case 4 with its low index and low silica deposition 
with Cases 1, 2, 3 and 5 with their high indices and high 
silica depositions, all internally treated. Comparison 
of Case 9 with Cases 6 and 7 shows the value of this in- 
dex for zeolite-treated waters. 

It will be noted that the percentage of silica in the 
deposits in Cases 1 and 9 are about the same, regardless 
of the difference in total solids in the feedwater between 
2.04 and 28.15 grains and difference in the silica between 
0.64 and 2.81 grains, proving rather conclusively that 
neither the total of all soluble and insoluble solids nor 
quantity of silica controls the characteristics or extent of 
such formations. 

With untreated waters the extent and percentage of 
silica depositions are no different than those resulting 
from treated waters, the whole being governed accord- 
ing to the percentage relations mentioned above. 

In all waters where silica proves troublesome the 
amount in the deposit usually exceeds 20 per cent and is 
greater than the combined iron and aluminum oxides 
content, and the objectionable qualities from these stand- 
points increase as this percentage increases and differ- 
ences between the silica and combined iron and aluminum 
oxide increases. The higher limits of silica in such 
cases range between 45 and 50 per cent with an excep- 
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TABLE I 


Case: 1 2 3 t 5 6 7 8 9 10 

; New : Washing- New Brooklyn Cali- “—— 
Location: : York Cali- Rhode ton Jersey N. Y. fornia sip 

Washington City fornia Island Oregon Zeolite- Zeolite- Zeolite- Zeolite- Natural. Soda 
Water: Raw aw Raw Raw Raw Treated Treated Treated Treated Water 
(Grains per U. S. Gallon) 
Total dissolved solids 2.04 3.54 4.11 4.16 4.60 6.20 11.59 15.58 28.15 23.50 
Calcium bicarbonate 0.62 0.73 0.65 1.64 0.60 1.00 0.21 0.41 0.12 1.00 
Magnesium bicarbonate 0.16 0.12 1.13 nil 1.43 0.00 0.28 0.10 0.26 0.35 
Sodium bicarbonate -s ma ae x “ 2.30 2.16 8.60 13.30 13.40 
Calcium sulphate nil nil 0.63 aa a a4 ‘ca ae ee 
Magnesium sulphate die 0.35 - 0.54 ey ate <i és - 
Sodium sulphate 0.24 0.45 nil 0.65 1.40 4.58 1.36 0.34 0.6 
Calcium chloride ss an “s a ae «a oi es na 
Magnesium chloride a a an és - a a ie as +d 
Sodium chloride 0.17 1.00 0.26 0.51 0.42 0.42 1.37 2.40 8.50 5.00 
Iron and aluminum oxide 0.11 0.09 0.08 0.20 0.60 ~ 0.23 0.06 0.07 0.40 
Silica 0.64 0.49 1.13 0.19 1.00 0.80 0.80 1.27 2.81 1.90 
Silica 
Calcium + magnesium + iron 42% 29% 31% 9.5% 27% 44% 52% 69% 86% 52% 
and aluminum oxide + silica 
Parad 46.29% 27.30% 45.48% 12.12% 36.40% % 
Silica ; . 5. 24 27. 5.48% , 40% 34.80 31.50% 37.80% 51.40% 34.78 
Iron and aluminum oxide 206% 2.20% 2.48% 2.20% 6.21% 7.95% 6.55% 2.10% 4.00% 9.56% 
Caisiusn euiphate 1.26% 3.80% nil 2:90% none 0.42% 0.10% 4.20% 0.90% none 
tional high record in one case of 69.71 per cent. The To cause depositions of both silica and alumina in the 


volume of insoluble materials other than silica seems a 
decided influence in controlling the hardness of such 
deposits. It is always advisable to take this fact into 
account before recommending the kind of treatment. 


Reducing or Preventing Silica Depositions 


Practice has clearly indicated that with the majority 
of waters, both the quality and quantity of objectionable 
silica depositions within boilers can be held within satis- 
factory limits through correct soda treatments. There 
are a number of ways available for such purposes. These 
include a straight zeolite treatment; zeolite and after 
phosphate; straight lime or lime-soda; lime or lime-soda 
and after phosphates and straight phosphateé. 

Of the several treatments in use a pre-lime treatment, 
with after-correction for alkalinity before zeoliting and 
internal phosphate treatment, has proved the most 
effective in keeping the volume or weight of silica deposi- 
tion within boilers to the minimum. Soda ash alone 
has shown itself least valuable, because: 

Soda ash, caustic soda or bicarbonate of soda treat- 
ments alone are the least effective in removing residual 
calcium which reacts within boilers in the precipitation 
of silica as calcium silicate. Excess phosphates are much 
more certain in this removal because they are not de- 
stroyed by heat into caustics, which is the case with car- 
bonates and bicarbonates of soda. 

Zeolites prove by far the best and most reliable ex- 
ternal treatments for this reduction of calcium but they 
sometimes require supplemental phosphate treatment 
for preventing depositions of any remaining calcium as 
calcium silicate. However, both zeolite and phosphate 
treatments add the greatest amount of soluble silica to 
the boiler concentrates. 

If alumina or silica or both are present in the feed- 
waters in forms to react with the excess soda treatments 
the conditions favor the deposition of insoluble silicates. 
As it is impossible to remove calcium or magnesium from 
feedwaters and concentrates without excess dosing, all 
boiler concentrates for a correctly conditioned water do 
carry the soda excesses for making these soluble alumi- 
num and silicate compounds. The necessity for protect- 
ing the boilers against corrosion contributes further to 
this effect of the sodas. The reactions which bring 
about the formation of these soluble compounds are: 


Aluminum oxide + caustic soda = Sodium aluminate + Water 
2NaOH 


AlsOs AlsNa:O, 2 
Silicic acid + caustic soda = Sodium silicate + Water 
HSiOs 2NaOH 2Na2SiOs 2H20 
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form of insoluble double silicates of soda and alumina the 
silica present must always exceed the alumina according 
to the following reactions: 


Sodium aluminate + sodium silicate = Silicate of soda and alumina + water 
(1) AlNa2O« + 2Na2SiOzs = AlzOsNa20 2SiO: + H20 
(2) AleNa2Os + 3Na2SiOz: = AlOsNa2O 3SiO; + H2O0 
(3) AleNa2zOs + 4Na2SiOs = AlOsNa20 4Si0Os + H2O0 

The No. 1 product is 1 to 2 per cent soluble. 

The No. 2 and No. 3 are insoluble. 


Where water treatments allow for the depositions of 
the double silicates the analyses of the resulting forma- 
tions within the boiler have the following general appear- 
ance: 


Per Cent 
Silica (SiOz) 50.47 
Iron oxide (Fe2Os3) 9.20 
Aluminum oxide (Al:O;3) 6.07 
Calcium oxide (CaO) 0.71 
Sulphuric anhydride (SOs) 0.08 


The probable combinations of the above approximate 
the following: 


Per Cent 

Aluminum sodium silicate (AlO: Na2O 4SiO2) 24.04 
Iron oxide (Fe2Os) 9.20 
Calcium silicate (CaSiOs) 51.58 
Magnesium hydroxide (Mg(OH)2) 1.03 
Silica (SiOz) 9.51 
Calcium carbonate (CaCOs) 3.50 
Calcium sulphate (CaSO.) 0.14 

Total 98.00 


Treatments of boiler concentrates with any kind of 
soda agent, including ortho phosphates in any excesses, 
neither prevent nor remove these double silicates. This 
holds equally true with meta phosphates because these 
revert to the ortho phosphates in the presence of caustic 
excesses which are always maintained under good 
treating conditions. The reaction showing this reversion 
is: 


Meta i. phosphate + caustic soda = — phosphate 
NaPOs NaOH HPOs 


Naz 
Meta —- phosphate + caustic soda = Trisodium phosphate 
NaPOs 2 NaOH NasPQs + H20 


Records both in the field and laboratory show this 
change from the meta to the ortho phosphates in the 
presence of the pH concentrations required to protect 
boilers against corrosion to be very rapid. 

Pre-treatments for the reduction of silica in a feed- 
water have a decided influence in lessening both the 
volume of these depositions and the quantity of silica. 
The effect of lime in this respect is probably best illus- 
trated in the following analysis: 
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Pre-Lime-Alum Treatment of a Natural 


Soda Water 
a) b) 
Before After Before After 
(Grains per U. S. Gallon) 
Total dissolved solids 11.14 8.38 10.90 8.53 
Suspended matter 0.14 0.08 = rie 
Calcium bicarbonate 1.51 x 1.37 0.25 
Magnesium bicarbonate 1.15 a 1.18 0.09 
Sodium bicarbonate 3.32 2. 35 2.52 2.70 
Calcium carbonate 0.85 Le 0.46 
Magnesium carbonate : 0.1 — gis 
Sodium carbonate .s 0.1 te 
Calcium sulphate nil nil am 
Magnesium sulphate nil nil Se ba 
Sodium sulphate 0.44 0. 75 0.41 0.45 
Sodium chloride 2.60 2.50 2.00 2.00 
Silica 2.04 1.40 2.72 1.64 
Iron and aluminum oxide 0.08 0.21 0.11 0.24 


The lime treatment here brought about an appreciable 
reduction in silica but the iron and aluminum oxide was 
slightly increased under the influence of an alum pre- 
treatment. While the treatment effected a decided 
reduction in the volume of silica deposits it did not pre- 
vent small depositions of double silicates even in the 
presence of large phosphate excesses. 

Among other conditioning agents aluminum sulphate 
plays an important role in preparing waters for both 
boiler feed and industrial uses. It is especially valu- 
able for removing clay and colloidal silica. Iron sul- 
phate is also employed for the same purpose but to a 
more limited extent. This to be effective, must follow 
a pre-lime treatment of the raw water. 

Sodium aluminate is another agent that has proved 
very beneficial in the treatment of many waters in 
lime-soda softeners by bringing about greater hardness 
reductions than is possible with lime-soda treatment 
alone, especially where the most effective soda, caustic 
and carbonate limits have been determined for this 
agent through either laboratory experiments or test 
runs. The value of sodium aluminate under such condi- 
tions is shown in the following analysis by the very low 
hardness which can be obtained. 


Lime-Soda 
Cold Process 


Lime-Soda 

Hot Process 
(a) .) 

(Grains per U. S. Gallon) 


Total dissolved solids 14.41 29.12 
Suspended matter 0.08 trace 
Calcium bicarbonate nil nil 

Magnesium bicarbonate nil nil 

Sodium carbonate 3.18 5.79 
Sodium hydroxide nil 0.37 
Sodium sulphate 8.08 18.40 
Sodium chloride 1.05 3.70 
Silica 0.44 0.26 
Iron and aluminum oxide 0.02 0.08 


The high sulphates in the waters represented by this 
analyses are responsible for the soda excesses in either of 
these cases. Without the sodium aluminate the hard- 
ness in the finished water is not only one-half to one grain 
higher but soda excesses are considerably higher. The 
amount of sodium aluminate required for this additional 
hardness reduction varies between !/2 to */, grain per 
gallon. Sodium aluminate in such cases not only re- 
places an equivalent soda treatment but reduces the 
total soluble solids in the feedwater. 

Some waters are not benefited through such a treat- 
ment. Similarly the use of sodium aluminate has 
proved beneficial in many internal treatments and failed 
in others. The kinds of water that do not favor the 
use of sodium aluminate are those which cause dissolved 
silicates to build up within boilers. 

In no event should a treatment be prescribed until 
after a complete survey has been made of the feedwater 
situation. This should include complete mineral analy- 
ses of representative samples of makeup water, feed- 
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water, boiler concentrate, condensed steam and tube 
deposits, together with a study of the plant’s operations 
and equipments. When this information is properly 
correlated it gives the truest facts for correct decisions. 
The following analyses of boiler concentrates represent 
types of such boiler feedwaters: 


Treatment: Pre-Lime Zeolite Pre-Lime 
(Grains per U. S. Gallon) 
Phenolphthalein alkalinity 21.6 10.2 66.8 
Methyl orange alkalinity 33.2 13.2 78.4 
Sodium chloride 82.4 13.8 77.0 
Sodium sulphate 84.7 44.4 37.0 
Trisodium phosphate 7.5 7.0 22.7 
Silica 32.8 9.3 105.8 


Cautions to Be Observed in Treating 


Practice has clearly indicated that higher boiler pres- 
sures cause silica depositions in preference to sulphates. 
This tendency is more pronounced where the sulphates 
are high or attempts are made to maintain the A.S.M.E. 
sulphate to alkalinity ratio. This influence of sulphates 
for the mentioned purposes has proved so objectionable 
in a number of plants as to make it necessary to neglect 
these ratios. Recommendations covering the use of 
any one soda agent or combination of these agents 
should, therefore, be made by experienced operators 
if the best internal boiler conditions are to be secured. 

Again, in any case where phosphates in amounts re- 
quired to prevent calcium sulphate deposits supplement 
a softener operation and the tendency to cause deposi- 
tions of double silicates continue, the best coagulant to 
employ is iron sulphate in combination with the re- 
quired caustics. Where the treatment of a water within 
a softener is under intelligent supervision iron sulphate 
or magnesium sulphate in combination with sodium 
aluminate has also proved very effective in bringing 
about a decided reduction in the amount of silica. 

In either of the mentioned combinations, excessive 
use of aluminum must be guarded against. This 
caution is meant to apply especially to boiler feedwaters 
high in silica. This effect of iron and magnesium sul- 
phate in combination with sodium aluminate was first 
determined a number of years ago through a series of 
laboratory experiments and was later applied under 
actual operating conditions. The effectiveness of such 
combinations in bringing about the highest percentage 
of silica reductions was definitely proved at the time. 


Conditions Which Cause Chemical Precipitates to 
Harden 


There are other conditions where any one or more of 
the soda treatments in any excesses or in any pre-treat- 
ments have failed to maintain satisfactory internal boiler 
conditions. I refer in particular to those operations 
which permit precipitates resulting from soda treatments 
to accumulate and cement together in hard formations. 
This is not uncommon and although the treatments in 
use are applied to the best advantage in bringing about 
the maximum precipitation of calcium and magnesium, 
the products resulting from such treatments too fre- 
quently form interlocking crystalline masses. This 
often follows intermittent boiler operations and also 
occurs in the economizer sections of some boilers where 
the velocity of the circulating water is so slow as to 
permit precipitates to build up. Precipitates under such 
conditions develop crystals which grow together. These 
again become nuclei for the formation of larger masses 
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which often fill up the boiler tubes, especially in the 
non-evaporative sections. Results of this kind account 
for the fact that the same water receiving exactly the 
same treatment produces a clean boiler in one case and 
apparently scale in another. This tendency of precipi- 
tates to harden in solid masses is rather a frequent 
experience where boilers are allowed to idle periodically 
or where they are drained and allowed to stand for some 
time before cleaning. In many cases the sludge so 
hardens as to make its removal difficult whereas the 
same boiler, had it been operated continuously or been 
cleaned promptly after draining, would have allowed for 
much easier removal of the sludge. 


Colloids 


This hardening in mass formations of the chemical 
precipitates rather points to a problem that requires a 
solution from a physical rather than a chemical stand- 
point. The use of some one of the many organic colloids, 
especially the less soluble forms has proved most effective 
in preventing depositions of this type. Tannic acid 
and tannic acid compounds have also proved effective 
in stopping similar depositions within feedwater heating 
and feeding equipments. These all have a definite ap- 
plication in the conditioning of feedwaters and their use 
must not be confused with the purposes for which soda 
treatments are employed. 

In this connection I wish to comment on the work 
of Lieutenant Commander Solberg and Robert C. 
Adams! in their very definite determination of the effects 
the starchy colloids have in keeping the chemical pre- 
cipitates resulting through chemical and heat treatments 
in a liquid or separated state in the boiler concentrates. 
While this use of starch was primarily developed for 
marine boilers, we have found it equally valuable in 
stationary steam practice. 

Not only has starch proved very satisfactory but 
some of the sea water products have proved much more 
so in that their requirements for the same effect have 
given excellent results with approximately '/j their 
weight of starch. 


Review and Conclusions 


1. The total solids themselves in the water is no 
measure of its troublesome qualities from a silica scale- 
producing standpoint. 

2. The percentage of silica in a water, when com- 
pared with total precipitating solids in the same water, 
appears to be the best measure for this purpose. 

3. Employment of corrective measures for preventing 
hard silica depositions within boilers is the real problem 
and not the prevention of sulphate deposits which have 
never presented any great difficulty. 

4. Phosphates have proved the most effective of the 
soda conditioning agents in reducing the volume of silica 
deposits within boilers but they have not prevented 
silica formations of the most objectionable type where 
feedwaters in use permitted accumulation of soluble sili- 
cates in the boiler concentrates and aluminum in some 
form is present in the feedwater. Where natural or 
treated waters cause dissolved silica to accumulate the 
addition, either direct to the boiler concentrates or ex- 
ternally within a softener, of any aluminum compounds 


1A.S.M.E. paper. See COMBUSTION, December 1933. 
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should be under the advice or supervision of competent 
water-purification engineers. This statement holds true 
also where precipitates gather and grow together within 
the boilers with the best kind of soda treatment. The 
results of all treatments are reflected in this supervision 
and any treating agents in use for conditioning purposes, 
whether used internally or within softeners, can be 
made either a total failure or a complete success, de- 
pending upon the experience employed in such work. 

Under best conditions, therefore, no secret formula of a 
single chemical or a combination of chemicals has ever 
proved to be a panacea for all boiler scale troubles. 
This applies equally to the single use of colloids or 
tannins. 

In the every-day practice of treating, results in the 
field clearly prove a well-defined limit to the value of each 
of the many agents in use for preventing boiler feed- 
water troubles. It is, therefore, unfair to condemn a 
particular chemical or material because its performance 
proved unsatisfactory in a specific case, whereas a com- 
bination of chemicals and possible addition of a col- 
loid or tannin compound would have made good. 

In the great many years during which the condi- 
tioning of boiler feedwaters has progressed there have 
been many startling scientific discoveries reported and 
many broad claims made as to the effectiveness of cer- 
tain materials in preventing every known boiler trouble, 
but in the final analysis they failed more or less to meet 
all requirements. While these claims were sincere, they 
failed because the materials were not subjected to the 
influence of the many complex variables which cause the 
different kinds of depositions within boilers. In other 
words, they lacked the experience to prove their effec- 
tiveness under all water and operating conditions. 

These remarks are not intended as criticisms of any 
particular claim as I believe valuable contributions to the 
science and art of treating feedwaters have come from 
many such sources. Where these have been intelli- 
gently developed and directed, and there have been some 
few of such developments, they have added greatly to 
our knowledge of the specific value of each of the many 
classes of materials that are now available for boiler 
conditioning purposes, whether applied direct to the 
concentrates within the boiler or through softening 
systems. The constant use of each of these classes 
under widely different water and operating conditions 
and definite check as to the specific effect for which each 
is employed gives their true worth in this work. In 
the conditioning of boiler feedwaters for the prevention 
of silica depositions and prevention of crystalline growths 
this knowledge is absolutely necessary if objectionable 
depositions under all circumstances are to be prevented. 

In closing, let me say that the most dependable guide 
for controlling the treatments to maintain such results 
under steam conditions is the complete periodic mineral | 
analysis of the boiler concentrates and feedwaters and 
comparison of the silica to chloride and sulphate to 
chloride relations as discussed; these to be supplemented 
by internal inspections and analyses of representative 
samples of boiler-tube deposits. Research also plays a 
most important part in determining the specific applica- 
tion of the various materials now available for such pur- 
poses but the fact must never be lost sight of that the 
final conclusions as to the real value of their applica- 
tion can only be determined under actual operating condi- 
tions. 
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Mill drying installation 


Gas outlets of the vent cyclones join in the line 
shown near the top and go to the stack. The 
fans are located on the level below 


Mill Drying 
at Lakeside 


By M.E. FITZE Test Engineer of Power Plants 


The Milwaukee Electric Railway and Light Company 


N THE grinding of coal for the bin and feeder system 
of pulverized fuel firing the moisture content of the 
raw coal has usually been reduced to some 2 or 3 per 
cent or so, not only to take full advantage of the milling 
capacity installed but also to make the product more 
readily handleable in the storage bins and feeding equip- 
ment. This removal of moisture, varying all the way 
from 2 or 3 per cent to 10 or 12 per cent, and in some ex- 
treme cases to 20 per cent or more, has usually entailed 
the installation of rather expensive and cumbersome 
equipment and a proportionate supply of heat. The 
heat supply was from one of three sources, a sepa- 
rately fired furnace, flue gases from the boilers, or steam 
in grid-type driers, the steam being supplied either from 
auxiliary exhaust or extracted from the plant’s main tur- 
bines. The buildings necessary to house this equipment 
were expensive, and maintenance costs were considerable. 

At the Lakeside Station of The Milwaukee Electric 
Railway and Light Company, the first sections of the 
plant were served by a separate pulverizing building 
which housed the raw-coal storage-bunkers, the drying 
equipment, and the mills. The original drying equip- 
ment consisted of three rotary-type driers direct-fired 
by pulverized coal. The coal burned represented a 
charge of */, per cent to one per cent against the plant. 
Later, some rotary-type steam driers were added, heated 
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A review of mill drying practice at 
Lakeside Station in which flue gas as the 
drying medium is taken from the air 
heater. Test results, with both heat and 
moisture balances are included. The au- 
thor summarizes the advantages of mill 
drying for the bin and feeder system as, 
(1) lesser first cost, (2) greater safety due 
to blanketing with CO,, (3) operating and 
maintenance costs less, and (4) 
proved boiler room efficiency. 


im- 


by extracted steam, but these were no more eco- 
nomical. 

The practicability of drying coal by injecting hot flue 
gases directly into the mill was established by experi- 
ments conducted on one of the older mills, and the first 
regular installation was made in 1928 on two mills in- 
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GREEN COAL BUNKER 


V NOTE ACTUAL INSTALLATION HAS 
TWO VENT CYCLONES. FOR SiM- 
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stalled in connection with the first two high-pressure 
boilers. The layout of the equipment and two views of 
the installation are here shown. 

The mills are of 15 tons per hour capacity, of the Ray- 
mond type, and standard in every respect. Flue 
gas is taken from part way down the air heater where the 
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Diagrammatic layout of mill drying equipment 


temperature is around 550 F and is injected into the 
system just at the windbox inlet. The mixture tempera- 
ture is about 350 F. The vent fan takes off just enough 
gases from before the hot-gas injection point to main- 
tain uniform suction conditions in the mill system. Hot 
gas and vent quantities are regulated both by dampers 
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and variable fan speeds. The hot gas contains 15 per 
cent CO, as it is injected into the mill, which is only 
slightly reduced in the mill system by air leakage. 

Besides making possible the elimination of much cum- 
bersome and costly machinery for pre-drying of coal— 
machinery that is costly from the operating and main- 
tenance standpoints as well as first cost—the equipment 
as here described is safe for installation within the boiler 
room, for, being blanketed at all times with upwards of 
13 per cent COs, it is virtually fire and explosion proof. 
Some nine mill years have been operated so far without a 
sign of fire or explosion. 

Since the flue gas for mill drying is taken off near the 
top of the air heater, the balance of the gases is reduced 
to a temperature lower than usual due to reduction of the 
load on the gas side. Besides this, there is a further gain 
equivalent to about half of one per cent in boiler efficiency 
due to the 6 per cent (approximately) of gases taken off 
for mill drying being reduced to 150 F before going to 
the stack instead of to 350 F as is usual in the air 
heaters. Against the 0.75 per cent gain in boiler effi- 
ciency there is a charge of 0.25 per cent due to dust loss 
in the vent, leaving a net gain in boiler efficiency of 0.5 
per cent. 

Variable-speed drive on the hot gas and vent fan mo- 
tors, in addition to damper control, makes possible the 
varying of the heat input for moisture removal over a 
rather wide range. Moisture as high as 11 per cent has 
been reduced to 2 per cent over considerable periods 
without difficulty, though the usual moisture removal is 
from 7 per cent to 13/, per cent. 

The advantages of the mill drying system are sum- 
marized as follows: 


1. Lesser first cost of installation. 
2. Greater safety of operation due to blanketing with 
COs. 


3. Operating and maintenance costs decidedly less. 
4. Improves boiler room efficiency. 


Following are the results obtained in an early test 
run on the equipment, including heat and moisture 
balances: 





Another view of mill drying installation 


Green coal inlet at left. Hot gas inlet line shown just at right of mill with 
emergency hot gas damper trip near top rail. Coal reclaimed in the vent 
cyclones is returned through the two small lines shown joining at top of mill 
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TEST RESULTS 


Tons of coal milled 

Hours run 

Mill motor kwh 

Total kwh (mill, fan, pump, vent fan, and hot gas fan) 


Air and Gas Data 


Top of mill pressure, in. water 

Windbox pressure, in. water 

Hot gas temperature, F 

Windbox temperature, F 

Mill outlet temperature, F (dry bulb) 

Mill outlet temperature, F (wet bulb) 
Per cent saturation 

CO: in hot gas 

CO: in mill system 
Per cent air leakage 

Air leakage, lb per hr (mostly through feeders) 

Per cent humidity of leakage air (approx.) 
Pounds of moisture per hour in leakage air 

Main exhauster inlet pressure, in. water 

Main exhauster discharge pressure, in. water 
Pressure rise through fan, in. water 

Cfm through mill 

Vent fan inlet pressure, in. water 

Vent fan discharge pressure, in. water 
Pressure rise through fan, in. water 

Vent fan speed, rpm 

Cfm vented 

Lb per hr vented 

Grains of moisture per lb of vent gas 

Lb of moisture vented per hour 

Hot gas fan inlet pressure, in. water 

Hot gas fan discharge pressure, in. water 
Pressure rise through fan, in. water 

Hot gas fan speed, rpm 

Cfm hot gas 

Lb per hour hot gas 

Dew point of hot gas, F 

Grains of moisture per lb dry gas 

Lb of moisture per hour in hot gas 


Dust Concentrations 


Vent cyclone inlet (main cyclone outlet), lb per cu ft 
Vent cyclone outlet, lb per cu ft 


Coal Data 


Proximate analysis as milled 
Moisture, per cent 
Volatile, per cent (dry basis) 
Fixed carbon, per cent (dry basis) 
Ash, per cent (dry basis) 
Sulphur, per cent (dry basis) 
Btu, dry 
Btu, as received 

Temperature after milling, F 

Temperature before milling, F 
Temperature rise, F 

Moisture before milling, per cent 

Moisture after milling, per cent 
Moisture removed 

Fineness before milling 
Through 1/4 in. mesh, per cent 
Through !/2 in. mesh, per cent 
Through 3/4 in. mesh, per cent 
Through 1 in. mesh, per cent 

Fineness after milling 
Through 200 mesh, per cent 
Through 100 mesh, per cent 
Through 48 mesh, per cent 
Through 28 mesh, per cent 
Through 20 mesh, per cent 
Through 10 mesh, per cent 


Moisture Balance 


Input 
With coal 
With hot gas 
With leakage air 


Total input 
Output 
Remaining in coal 
Removed in vent air 


Total accounted for 
Unaccounted for 


Heat Balance (Datum is return air temperature) 


Input 
With hot gas 
Electrica! (mill, exhauster, hot gas fan—say 14 kwh 
per ton) 


Total input 
Output 
Sensible heat in coal ; 
Heat up and evaporate moisture 
Heat leakage air 


Total accounted for 
Unaccounted for 


Cyclone E ficiency 


Coal in main cyclone outlet, Ib per hr 
Coal in vent cyclone inlet, lb per hr 
Coal in vent cyclone outlet, Ib per hr 
Main cyclone efficiency, per cent 
Vent cyclone efficiency, per cent 

Per cent of coal lost in vent 


Mill Performance 


Tons milled per hour 
Mill power, kwh per ton 
Total power, kwh per ton 
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Improving Power Plant 


Performance 


By EDWIN H. KRIEG, American Gas & Electric Co., N. Y. 


ANY papers have been presented on that ever- 
old, yet ever-new and ever-present problem of 
improving plant performance by plugging the 

chinks through which operating losses occur. The 
purpose of this discussion is to assist those interested in 
power plant performance to visualize the relations exist- 
ing between the various losses, incidentally outlining 
some causes of the losses and a few means of minimizing 
them. 

A prolific source of improving plant economy lies in the 
degree to which station operators and results engineers 
can see or visualize all the factors contributing to each 
loss. This paper supplements what would be contained 
in an operating code manual and “standards of per- 
formance’ data that should be available in every 
important station. The operating code manual should 
standardize the operating practice or procedure in the 
starting and stopping and operation of all equipment. 
The National Electric Light Association published. 
several reports outlining operating codes. The plant 
“standards of performance’”’ should set up a bogey for 
performance expected of all equipment. Methods of 
doing this are covered in the N.E.L.A. Power Station 
Betterment Report for 1928, and C. D. Zimmerman’s 
article ‘‘‘Standards’ Control Improves Station Per- 
formance’ in the December 3, 1932 issue of Electrical 
World. Station performance should be checked fre- 
quently against these standards. 

Production costs are frequently reported as a total of: 


Fuel 

Operating Labor 
Supplies and Expense 
Maintenance 


Of these, only fuel losses, which reflect station perform- 
ance, will be examined as the others would require in- 
dividual treatment. Improvement of performance by 
design changes is also too extensive to include here. 


An analysis of the various factors 
that contribute to operating losses 
and means of minimizing them. 
These are arranged in a convenient 
form for checking by station opera- 
tors and results engineers as a sup- 
plement to station operating codes 
and standards of performance. 


pulverized coal firing. Of course, certain items can refer 
only to one or the other. Such items are readily dis- 
cernible without direct reference to the type of firing 
involved. No attempt has been made to distinguish be- 
tween uncontrollable and controllable losses, as a con- 
trollable loss in one plant may be uncontrollable in 
another. 

The foregoing outline has been used in preference to 
one that may be built up around the expression, 


Station water rate X heat added per Ib 
Boiler room efficiency 





Station Btu per kwh = 


However, the outline used covers all losses that may be 
traced through the alternative outline. The latter may 
prove more convenient as a basis for examining the 
station cycle which determines, station water rate X heat 
added per pound. 

There are also other factors which contribute to station 
economy that do not seem to fall logically into the 
headings shown, such as outages and housekeeping. 
Outages during periods of inspection or overhaul may 
lower station economy. Outage losses include the heat 
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Boiler Room 


| | 
Turbine Room Unclassified (10) 








| | 
Boiler Auxiliaries (6) 


Turbine (7) 


| 
Cunndiis (8) Cycle (9) 





Load Load Auxiliaries 
Distribution Distribution 
| | . | : 3 
Dry das (1) Water Vapor (2) Incomplete Combustion (3) Radiation and ) es (4) Unaccounted for and Unclassified (5) 


In briefest form, station losses may be broken down as 
indicated by the diagram above. 

Each of the foregoing items is analyzed further in the 
subsequent groupings, an attempt having been made to 
make these generally applicable to both stokers and 
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lost in shutting down and starting up again, besides 
the loss due to operating other equipment at lower 
efficiency. In the case of boilers, the coal, remaining in 
the furnace and the heat stored in the boiler and setting 
is often lost. In starting up other equipment, the fuel 
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fired during the starting period is lost. In the case of 
turbines, if another unit must be placed on the line, 
the steam used during the warming up period does no 
useful work and constitutes a heat loss. The several 
A.S.M.E. papers by Moran and Hirshfeld on the ‘‘Per- 
formance of Modern Steam—Generating Units’ are 
valuable in furnishing a yardstick with which to measure 
the boiler equipment outages in a specific plant. The 


“Turbines” reports of the N.E.L.A. for turbine room 
equipment serve a similar purpose. A schedule allowing 
for the periodic inspection and maintenance of all equip- 
ment should be carefully prepared as it will do much to 
insure continuity of service and reduce average mainte- 
nance costs. 

Peculiarly enough, it seems to be true usually that a 
well-kept plant is an efficient plant. Apparently the 


1—DRY 5 eal LOSS 





| 
Large quantity of high excess air! 
Improve ratio between steam flow and air flow 
Air leakage 
Repair walls and roof 
Furnace pressure too low; improve regulating dampers 
and fans 
Air lancing 
Reduce air through rear end stoker 
Seal expansion joints in ducts between boiler and 
economizer or air heater 
| 


Pulverized coal ; 
Improve mixing, uniformity 
of feeding 





Stokers 
Improve fuel bed, eliminate holes, 
regulate thickness to coal size, re- 
duce segregation coarse and fines, 
adjust pusher settings, eliminate 
arching in hoppers and uneven 
feeding 


1 Caution: If decreased, the superheat with a convection superheater 
will also decrease, combustible in refuse and CO may increase, furnace 
maintenance may increase. As secondary effects, high excess air causes 
high draft loss and high steam temperatures as well as high exit gas 
temperatures. 


High Temperatures 








| | 
| High excess air 


| 
Dirty boiler tubes 
! 





| 
Internally 


Externally ‘ 
Improve feed treatment Improve soot blowing or lancing. Soot 
Turbine, especially first or blowers may be defective, poorly 


bottom row 


Sandblast inside headers sure 


Superheater support design may facilitate 


collection soot or slag 
Tube slagging 
Preventives 
Slag screen 
Improved baffling 
Reduced velocity through Ist pass 


Reduce gas temperature entering lst 


pass 

Removal by 
Water lance 
Steam lance 
Air lances 
Sandblast 
Shotgun 


located, have improper orifice or pres- 


| | | 
Poor bafiles by- Poor boiler water Dirty air 


Dirty economizer 
passing hot gas distribution tubes (inter- heater sur- 
around tubes and recircula- nally or exter- faces 
tion nally) 


Baffling design 
Header baffles 


2—WATER — LOSSES 





| 

i 
Burning hydrogen 

in fuel 
Mill drying 


(Hot air or flue gas to 


mill) 


Water in mechanical com- 
bination with fuel 


| 
In Air 
As part of air supply 
Steam jets in burners 
Ash pit sprays 
Water lancing of slag, etc. 


Control water tempering in 
chain grate stoker instal- 


lations 


Control water used for lay- 
ing down dust during coal 


handling 


3—INCOMPLETE COMBUSTION LOSSES 











Unburned Carbon 
einen i co 





Poor mixing of air and fuel 


Correct proportioning primary 
and secondary air or air 
through bed and over fire air 

Improve distribution, prevent 
segregation coarse and fine coal 

Improve stoker tuyéres 

Improve air compartment and 
windbox damper control 

Place stokers in better condition 

Uniform feed to burners 

Wet coal properly for chain- 
grates 

Holes in fuel bed stokers or pres- 
ence clinkers 

Stoker fuel bed thickness not 
proper relation to size coal 

Carry slight positive pressure un- 
der clinker grinder or dump 
grates 

Improve range of stoker speed or 
burner capacity 


Note: 
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Insufficient air 


Increase excess air 


| 
Insufficient time 


Lengthen flame by better pro- 
portioning primary and sec- 
ondary air 

Use steam jets in pulverized- 
fuel burners at high outputs 

Improve furnace design 

Coked burners 


| 

Low temperature before complete 
oxidation 

Must usually be changed by bet- 
ter furnace design to give 
longer flame travel before 
reaching tubes 

Leaky baffles allowing gases go 
to second or third pass 


= 
Unclassified 


Stoker siftings. May or may 
not be economical to reclaim. 
May be improved by better 
crushing giving less fines or by 
sealing all openings in stoker 
front 

In refuse. Perhaps coal too 
coarse for stokers. Pulveriz- 
ing mills may not classify 
properly. Improve ash grind- 
ing or dumping schedule 

Return cinders for reburning 


All of the above losses, except low temperature, are accentuated by too high a burning rate, particularly in the case of stokers. 
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4—RADIATION AND CONVECTION LOSSES 
Walls and roof 
Apply insulation 
Piping and valves 
Apply insulation 
Partial remedy: . 
Carefully control opening of windows in boiler room in winter for 
drawing in air at top boiler room. In summer, usually necessary 
to draw in air at firing aisle elevation 


5—UNACCOUNTED FOR AND UNCLASSIFIED LOSSES 
Heat in refuse 
Heat in blowdown 
Combustible in cinders 
Make periodic checks on accuracy of coal weighing equipment 
Leaks 
Valves 
Safety 
Blowdown 
Drain 
Economizer by-pass 
Water column 
Gage glasses 
Water sampling 
Joints 
Tubes 
Poor water level regulation 
Improper excess pressure control, poor regulators 
Use soot blowers on off-peak periods rather than at high outputs 
Clean fires and operate dump grates on off-peak periods 


a LOSSES 





| 
Motor- Driven 
Insufficient speed 


| 
Steam-Driven 
Buckets and nozzles 


: General | 
Running useless auxiliaries 


Improper load distribution should be kept in range. This 
‘ age good shape usually cannot 
Certain auxiliaries may be oper- Watch steam-jet air- be remedied 
ated at off-peak periods pump nozzles without going 
Mills in bin and feeder systems Watch devices that to variable- 


Service water pumps where there 
is adequate storage 

Coal and ash handling 

Vacuum cleaning 

Revolving screens 

Schedule circulating-water pumps 

for most economical opera- 
tion. Also steam jet air 


umps 
Induced and forced-draft fans 
High excess air 
Leakage from air to gas side of 
air heaters 
Induced-draft fans 
Leakage into gas ducts such as 
poorly sealed duct expansion 
joints 
High draft loss through boiler, 
ues, etc. (Baffling, slagging) 
Forced-diaft fans 
Leakage from air ducts burner 
or stoker windboxes 
Boiler-feed pumps may be supply- 
ing too high pressure. Use 
excess pressure control 
Frequently possible to shutdown 
heater drain pump and use 
heater pressure for discharg- 
ing condensation 


control speed range speed devices 
Steam conditions not 

proper for particu- 

lar design 


7—TURBINE LOSSES 
Low steam temperature 
Small superheater. This may be somewhat compensated for by 
horizontal baffle to increase gas velocity. Sometimes desirable to 
add radiant element. 
Poor steam distribution in superheater 
Defective boiler baffles allowing gases to bypass, especially around 
nose 
Dirty superheater 
Externally 
Soot blowers ineffective 
Slag accumulations 
Internally 
Scale from water carry-over 
Install calorimeter sampling nozzle in steam lead between drum 
and superheater 
Low excess air 
Low steam pressure 
Low boiler pressure 
Non-return valve sticks 
Dirty steam strainer 
Dirty dry pipe or superheater 
Small piping size or bad layout 
Dirty buckets and nozzles 
Water carry-over 
Bad boiler drum baffling 
Too high boiler water level 
Ineffective dry pipe or separators in drum or steam line. 
drum steam take-offs are effective 
Poor feed distribution in drum 
Corrosion during idle periods 
Arrangement for washing with saturated steam may remove deposits 
Worn buckets and nozzles 
High-pressure packing leakage, packing too large, worn or misaligned 
Diaphragm packing leakage 
Generator air losses. May be recovered with condensate air cooler 
Steam leaks 
Vents 
Relief valves 


Multiple 


8—CON DENSER LOSSES 
Insufficient water 
Low circulating water pump speed 
Worn, obstructed or improper C. W. pump impeller 
Clogged tubes, need washing or plugging 
Clogged revolving screens or grizzlies 
Clogged tunnels, plant growths, mussels, etc. 
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Air binding in highest part circulating system 
Insufficient condensing surface 
Plugged or removed tubes 
Improper steam laning 
Improper steam distribution 
Dirty tubes (schedule cleanings to balance cleaning cost) 
Internally 
Slime 
Leaves 
Externally 
Maintain proper level in hotwell 
Air in condenser 
Insufficient removal capacity 
Design or selection of equipment 
Worn or defective ejectors 
Low ejector steam pressure 
Improper air cooler operation 
High air leakage 
Worn low pressure turbine seal 
No water in low-pressure turbine seal 
Condenser and exhaust piece leaks 
No water in atmospheric relief valve seal 
Through extraction heaters 
Through pump glands (use sealed lantern glands) 
Valves, joints F 
Using more steam jet air pump capacity than required to handle actual 
air leakage 


9—CYCLE LOSSES ; 

Heaters dirty. Check condensate outlet temperature with saturation 
temperature for heater pressure 

Heater non-return valve sticking, lowering heater pressure 

Poor extraction line layout 

Insufficient head on feed pumps not permitting full use of bleed where 
open heater supplies feed pump 

Poor heater air venting which air binds heater 

Poor heater baffling 


10—UNCLASSIFIED LOSSES 
Stored coal 
Spontaneous combustion 
Oxidation 
Change in sizing : 
Change in firing and coking properties 
Losses with high makeup supply 
Excessive boiler blowdown 
Leakage into cross-connections with other lines 
Contamination by oil cooler or heater leakage 
Losses from surge or storage tank overflow. Watch water levels on 
sudden load changes 
Losses with low makeup 
Leakage into feed system 
Condenser leakage 
Interconnections with other lines, 
emergency supply 


particularly service water 


type of operating personnel that is interested in keeping 
the plant in a clean condition is the type that is interested 
in getting the most out of the equipment available. 

The important factor of load distribution is too 
complex to discuss in detail here. It is believed that a 
study of the following references, describing the incre- 
mental method of loading, will be amply repaid as this 
method is more accurate than the ‘‘base load on the most 
efficient unit’ or “best point’’ loading schemes. 

“The Theory of Incremental Rates and Their Practical 
Application to Load Division,” Steinberg and Smith, 
Electrical Engineering, March, April, 1934. 

“Load Division in Interconnections,” E. C. M. Stahl, 
Electrical World, March, 1930. 

“Economic Loading of Generating Stations,’ E. C. M. 
Stahl, Electrical World, September, 1931. 

The references to load distribution include the means 
for determining when a boiler should be banked in order 
to carry higher loads on the remaining boilers. In 
connection with the means of properly allocating load, 
the operators should also be provided with estimates 
of expected loads. 

It is also axiomatic that a constant check be main- 
tained as to the most economical fuel that can be pur- 
chased. 





The Foster Wheeler Corporation has taken over 
exclusive rights for the sale and manufacture of the 
Ruths Steam Storage Systems in the United States and 
Canada. G. M. Cameron, formerly manager of Ruths 
Steam Storage Company, will be manager of the Ruths 
Accumulator Division of Foster Wheeler. 
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In the March issue, under the title 
‘Some Experiences with the Benson 
Boiler,’’ there appeared an abstract of the 
first part of a lecture by Dipl. Ing. H. G. 
Gleichmann, delivered at the Siemens- 
Schuckertwerke, and dealing with the 
causes of tube failures in the Benson 
boiler. The second part of his lecture, 
which is here abstracted from a transla- 
tion, deals with a system of control in 
which the boiler pressure is varied to meet 
the load. The Benson boiler is especially 
adapted to this form of regulation. 


ONSIDERING that the specific volume of steam 
© at constant temperature drops about in proportion 
to the increase in pressure, the thought occurred 
to control the load of the turbine by varying the pres- 
sure. For example, if a condensing turbine for 35 at- 
mospheres at 450 C (790 F) is designed for proper 
vacuum, then the same cross-section can accommodate 
4.5 times the steam weight at 150 atmospheres, without 
altering the control. While the last stages of the tur- 
bine could not utilize the existing vacuum, and if suffi- 
cient condenser capacity for 35 atmospheres were pro- 
vided the vacuum would be less effective, nevertheless 
the work done by the last stages will be maintained. 
Fig. 1 illustrates these limiting cases on the total heat- 
entropy diagram. From this it will be seen that at all 
loads, the adiabatic and actual heat drops are approxi- 
mately constant. Because the total gas volume remains 
constant and the characteristic of the machine remains 
practically unchanged, the thermodynamic efficiencies 
must remain the same and consequently also the steam 
consumption. 
Moisture content at the highest pressure is about 15 
per cent so that the corresponding peak capacity, when 
considering the life of the last buckets of the turbine, 
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a—total steam 
b—specific steam volume 
c—total moisture 


d—adiabatic heat drop 
e—final moisture 
f—exit losses 


Fig. 1—Total heat-entropy diagram when running without 
inter-stage reheating 
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Load Regulation 
by Pressure with 


the Benson Boiler 


may be said to be limited. But high moisture content 
is permissible for peaks of short duration. With longer 
runs and at higher ratings, reheating becomes necessary. 
It is desirable to have an increase in reheat with rise in 
load, which may be accomplished without the use of 
special regulation, by a reheater so located within the 
gas stream as to give a rising reheat characteristic, i.e., 
located within the cooler part of the convection bank. 
For power plants which operate under wide fluctua- 
tions of load there is a very practical solution because 
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a—load 

b—specific heat consumption for 
constant steam pressure 
(25 at 395 deg) 


Fig. 2—Load curve for a peak load power plant 


c—specific heat consumption for 
variable steam pressure 


of the possibility of designing an installation for almost 
uniform heat consumption for every average load varia- 
tion. In order to maintain favorable costs, that load 
must be determined from the predominating load curves 
below which the maximum efficiency of the boiler will 
not drop. Even though the volumetric dimensions of 
pipes and boiler tubes do not need to change with the 
quantity of steam flowing, the heating surface, firing 
equipment and the furnace must be designed for the 
maximum heat requirements. By the choice of the 
proper efficiency characteristic one may run at lower 
boiler efficiencies during the higher ratings, which occur 
less frequently. 

In order to study thoroughly all -f the questions that 
arise with such a project, an extreme load curve was 
chosen as in Fig. 2, in which a continuous base load of 
5000 kw is to be maintained with superimposed peaks 
of 20,000 kw. Boiler and turbine efficiencies (without 
generator) are shown in Fig. 3 plotted against load. 

Up to normal load the turbine will be governed by 
throttling, provided the boiler pressure does not fall 
below 35 atmospheres. At 5000 kw the governing valve 
will not be fully open so that there remains a certain 
play before further regulation, by means of pressure 
rise, occurs; consequently, small load variations may 
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Efficiency, Percent 


a—boiler efficiency 
b—turbine 


Fig. 3—Efficiencies of 


boiler and turbine 





Load, kW 


be met momentarily at constant pressure by the heat 
storage of the boiler. Overload nozzles are not necessary 
hence the turbine governing becomes simple. Also, 
the size of turbine and condenser represents an effective 
use for a load of 5000 kw for 25 atmospheres. The gen- 
erator is equipped with a separate ventilating fan. 

The boiler installation is assumed to have two boilers 
in parallel, which are provided with traveling grate 
stokers of the zoned type and of a normal steaming ca- 
pacity of 10 tons per hr and a possible output of 16 tons 
per hr. The additional load for peak conditions is to 
be met by pulverized coal. The pulverizing plant 
would run during the period of base load and store the 
necessary coal to carry the peaks. The chimney draft 
suffices for the normal load of 5000 kw. Higher loads 
are met by induced draft. Fans supply the stoker with 
hot air from the air heaters. Because the preheated 
air temperature rises above 200 C at overloads on the 
boiler, it may only be used for pulverized coal firing, 
whereas the stoker is supplied with air maintained at 
not over 200 C by means of an automatically controlled 
bypass of cold air from the fan. 

Up to 5000 kw, centrifugal pumps are used at 25 at- 
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a—boiler 

b—main turbine assembly 

¢—condenser 

d—condensate pump 

e—condensate cooler for 
heating steam 

f—preheater I 


Fig. 4—Steam flow diagram 


i—base load feed pump 
k—condensate feed (hot well) 
l—feedwater heat storage drum 
m—evaporator 

n—make-up water deaerater 
o—auxiliary condensate tank 
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mospheres. For peak loads a special hook-up is put 
into service which is driven by a steam turbine. This 
turbine operates on the same varying pressure as the 
main turbine and runs at variable speed. It drives the 
high-pressure centrifugal pump and a generator which 
furnishes the current 















































for those auxiliaries ‘3 

that must also run 

with variable speeds. x : =$==5F 
Some difficulty ex- sa 
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Fig. 5—Useful work, kw plotted 
against K cal per kwhr 


ists in correlation of 
the characteristics of 
the fans and feed 
pumps. The revolu- 
tions of the steam turbine are regulated according to the 
requirements of the feed pump and the final regulation 
of the fans is by dampers. In general, the use of squirrel- 
cage motors for auxiliary drives is desirable when con- 
sidering the simplicity of the drives and the lower main- 
tenance costs. For those auxiliaries where variable 
speeds are necessary, as for example for the fans, either 
regulated motors or resistance regulation must be em- 
ployed. In the former case the variable revolutions, 
brought about by the use of squirrel-cage motors, which 
vary in speed periodically with the auxiliary turbine- 
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a—load F 

b—specific heat consumption with 
variable boiler pressure and 
reheating 


Fig. 6—Load curve with increased day base load 


¢—average heat consumption with 
variable boiler pressure and re-- 
heating 


driven generator, are appropriately correlated with the 
auxiliaries’ characteristics. 

In Fig. 4 is shown the steam flow diagram of the in- 
stallation. The main turbine has an uncontrolled bleeder 
stage, so located that, for a 5000 kw load, steam may 
be tapped through a reducing valve at 2 atmospheres 
into the evaporators and one feedwater heater. The 
steam from the evaporator is used for preheating and 
degassing the make-up water and is, in part, condensed 
in a feedwater heater ahead of the main feedwater 
heater. A heat exchanger cools the feed heater con- 
densate before entering the condensate well of the con- 
denser. When the auxiliary turbine is put into opera- 
tion, it exhausts at 2 atmospheres and heats the conden- 
sate. The bleeder stage of the main turbine is then 
closed. Possible excess steam may then be used in a 
feedwater storage heater to heat cold*condensate during 
the base load period. 

Heat input with respect to useful delivered kilowatt- 
hours is shown in Fig. 5. This discloses that the heat 
input is practically constant up to 15,000 kw and then 
rises slightly. This heat input is plotted in Fig. 2 over 
the projected load curve and the average. input deter- 
mined therefrom. For comparison there is also plotted 
the heat input determined from the performance of a 
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a—preheater 
b—radiant heat part 
c—transitional part 
d—superheater 
e—reheater 

f—boiler feed entrance 
g—steam outlet 


Fig. 7—Chain grate boiler 
with auxiliary pulverized fuel 
firing 
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turbine ruuning under a constant pressure of 25 atmos- 
pheres, 395 C and applied to the projected load curve. 

The idea may be applied similarly to other load curves 
on the same assumptions. In Fig. 6 is shown another 
diagram which is distinguished from that of Fig. 2, in 
that the day base load amounts to about 50 per cent of 
the peak load. In this case it is most practical to carry 
the daily base load at about 80 atmospheres and the 
long duration of this high pressure calls for reheating 
to guard against erosion of the blading in the last stages. 
It may be debatable whether steam reheating should 
be used in this case, but when weighing the costs, gas 
reheating seems preferable. If necessary, final regula- 
tion of reheat may be effected by desuperheaters. 

The construction of the boiler is shown in Fig. 7. 
Cooling tubes face all walls but the front. The tube 
nest in which conversion of water to steam takes place 
is kept at a proper temperature by means of a bypass for 
the furnace gases. Large dust hoppers are installed be- 
tween the boiler and chimney for the collection of fly ash. 

For back-pressure operation the turbine may be so 
designed that additional rows of blades may be added 
to the end, because the existing governor and rows of 
blades will utilize the greater steam quantity at the 
higher pressure with the same efficiency. The same is 
also true of extraction turbines because the condensed 
portion remains unaltered. If the generator is not 
originally chosen liberally enough, it must be replaced by 
another. The awkwardness that occurs frequently when 
the chosen pressure influences the projected enlargement 
of the plant, now disappears. 

The superheat must eventually be met by additional 
tubes within the boiler, which must be considered in the 
original installation. 

Operation with variable pressure may be applied in 
cases where the usual heat supply does not suffice at 
times to meet the demand of a fluctuating load by 
means of the back-pressure turbine. 

The advantages of the proposed system for the con- 
struction and operation of central-station plants with 
large varying loads when compared with past installa- 
tions may be summarized in the following statements: 


1. The turbine is simple in construction and cheap 
to build. 
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2. The heat consumption is almost ¢onstant for all 
loads. 


3. The safety of operation is greater for varying loads, 
because the temperatures within the turbine remain al- 
most constant. 


4. The power demand of the installation for its own 
use is smaller, because the auxiliary machines are always 
working at best efficiency. 

5. Regulation is very simple. 


The method of operating at varying pressures may be 
applied in the same way to industrial plants with vary- 
ing loads running condensing, whether the variations 
be daily, seasonal or due to periodic cycles. 





Mechanical Engineer—Seeks position in design or re- 
search and product development work. Graduate of 
Stevens Institute of Technology. For past three years 
principally engaged in research studies and supervision 
of research projects. This work has involved practical 
experience in several large utility boiler plants, equipment 
design and development, report writing, etc. Thoroughly 
familiar with the various types of boiler and fuel-burning 
equipment. Author of several papers including con- 
tribution to Fuels Division program of 1933 semi-annual 
meeting of A.S.M.E. Available immediately. Address 
inquiries to Combustion Publishing Company, Inc., 200 
Madison Avenue, New York, N. Y. 


B. J. Cross, who from 1921 to 1931 was associated 
with the engineering activities of Combustion Engineer- 
ing Corporation, rejoined the engineering department of 
the present organization, Combustion Engineering Com- 
pany, Inc., on May first. He will be engaged in develop- 
ment and research work under the direction of John 
Van Brunt, Vice President in charge of engineering, and 
of Henry Kreisinger. Prior to 1921 Mr. Cross was with 
the U. S. Bureau of Mines and was identified with a 
number of notable investigations on the burning of fuels. 
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The Winkler Oxygen Method 


A Discussion of Recent Articles 


By THOMAS J. FINNEGAN and RICHARD C. COREY 
New York Steam Corporation, New York, N. Y. 


OMBUSTION has recently published two very in- 
* teresting articles on the important subject of the 
determination of dissolved oxygen in water. 
Winkler’s method, which has been in use for many years, 
has always been found satisfactory for analyzing raw 
water which contains 5-10 ml of oxygen per liter, but 
in recent years, with the necessity of determining 
oxygen in feedwater that has had the oxygen content 
reduced to a fraction of one ml per liter in the modern 
power plant, it has been found that the Winkler method, 
as hitherto applied, gives erratic results. 

Mr. Alfano in the March issue, and Messrs. Yoder and 
Dresher in the April issue, have made it clear that in 
determining dissolved oxygen in water we are dealing 
with a precise analytical method which is subject to many 
adverse influences. What these influences are, and how 
they may be controlled, are matters that can be learned 
only after proper study. The appearance of articles 
such as the two mentioned indicates that this study is 
being made by responsible industrial organizations. The 
A.S.M.E. has also recognized the problem and has a 
committee engaged in research on this subject. This 
committee has already submitted progress reports. 

When we consider that in quite a number of the smaller 
plants this determination is done by an operating man 
who is not chemically trained, but who has been in- 
structed in the procedure by a chemist or engineer on the 
staff of a professional consultant, or who represents a 
manufacturer of power plant equipment, then it becomes 
most important that a standard routine be established 
which will control all the variables involved. There is no 
reason why an intelligent man cannot be taught to 
determine dissolved oxygen correctly, and in some plants 
that maintain laboratories this determination is often 
made by operators who are instructed and supervised by 
the laboratory. In such cases, however, it must be 
known by the responsible chemists and engineers that a 
method is in use which is outlined, step by step, from the 
sampling to the titration, so that temperature, starch 
sensitivity and all other influencing factors are under 
correct control. 

The authors of the two articles have discussed several 
features of the Winkler method with which many of 
those who use it may not be acquainted. When we 
attempt to determine accurately small amounts of oxy- 
gen, however, these features will have to be considered. 
As some of them are of such a nature as to merit com- 
ment, we wish to offer a few remarks in discussion, not in 
a hypercritical sense, but rather with the feeling that the 
subject will be better served if those who are desirous of 
seeing the matter brought to a successful conclusion 
express their views freely. 
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Mr. Alfano has pointed out that under a condition 
such as exists in an oxidation-reduction system a point of 
equilibrium is reached in which a certain ratio of oxidant 
to reductant obtains. He used the analogy of the ferric- 
ferrous system to calculate that the oxygen system in the 
Winkler reactions would leave undetected 0.07 ml of 
oxygen per liter. When the oxygen in the water oxidizes 
the manganous manganese to manganis there is indeed a 
point of equilibrium reached and some of the oxygen is 
left in equilibrium with its reductant, hydroxide ion. 
Whether or not this is of the order of 0.07 ml per liter or 
any other appreciable quantity is important, and if 
possible should be determined. It does not seem, how- 
ever, that the analogy to the ferric-ferrous system, which 
Mr. Alfano employs, can be used without making some 
assumptions that are somewhat questionable. In Fales’ 
tables of oxidation potentials the oxygen system and the 
ferric-ferrous system are close together, but Fales speci- 
fies 25 C, a 0.01 molar concentration of metal ion and one 
atmosphere of oxygen. Also, the oxidation potential of 
either of these systems is a function of the hydrogen ion 
concentration, and the oxidation in the Winkler test 
takes place in a strongly alkaline environment. There- 
fore, the value of 0.07 ml per liter may be unduly high 
and actually the amount of unreacting oxygen may be so 
small as to be quite negligible. The author’s point is a 
good one and merits investigation, but until the true 
value of the unreacting oxygen is found it is premature 
to establish a definite limit to the sensitivity of the 
method. 

If one takes a quantity of water which contains a 
certain amount of oxygen in solution and flashes this 
water into steam and then condenses the steam to water 
again, will this condensate contain the oxygen in the 
original sample in greater concentration? That such is 
the case is the basis of Mr. Alfano’s demonstration of the 
presence of unreacting oxygen by the flashing experiment. 
Let us consider the mechanism of the process. Suppose 
that the water contains a certain quantity of oxygen. 
Let this water be flashed into steam. The quantity of 
oxygen in the steam must be the same as was in the liquid 
as none has been removed, and none has been added. 
Let the steam then be condensed back to water again. 
If this condensation takes place in a manner so that all of 
the vapors originally in solution are redissolved, then 
we must have in the condensate the same oxygen as in the 
original water. If, however, we allow the condensation 
to take place with the new liquid phase forming in con- 
tact with a free space, then the oxygen content of the 
condensate is subject toHenry’s law which states that the 
solubility of a gas in a liquid is proportional to the partial 
pressure of the gas above the liquid. That is, the gas 


31 











distributes itself between liquid and vapor phases and the 
amount of oxygen in the condensate is something less 
than in the original water. The oxygen content of the 
final condensate can be equal to or less than the original 
concentration, depending on the method of condensing 
employed. It cannot be higher unless there is enrich- 
ment from some outside source. 

When one considers such a flashing experiment, it 
appears that it would require special precautions to 
avoid enrichment of the oxygen content by the oxygen of 
the air. If water flashes to steam in a chamber that has 
not been rendered free of air, then an increase of the 
oxygen content would be expected. In the condensation 
of steam there is a vacuum created by the volume reduc- 
tion that can cause sucking-in of air through connections. 
The latter is a condition that is often encountered in the 
study of heating system corrosion and condensate has 
been found that showed two or three times as much 
oxygen as the parent steam. We question, therefore, the 
validity of the flashing experiment as used, and suggest 
that the presence of unreacting oxygen be confirmed by 
experiments which deal definitely with it. Perhaps the 
analysis of carefully prepared synthetic solutions or the 
checking of Winkler oxygens against some obtained by 
evolution of the gas would be the answer. In order to do 
this time would be necessary to develop a highly precise 
technique. 


It is often stated by writers on the subject that potas- 
sium iodide is necessary in order to sensitize the starch 
reaction. Mr. Alfano recognizes this, and provides for 
the addition of two grams of potassium iodide per 200 ml 
of solution, to be added in addition to that which is fur- 
nished by the Winkler reagent. What is not so generally 
known is, that while potassium iodide must be present, 
a large excess is detrimental to the reaction. McKay and 
Ackerman (Ind. Eng. Chem. 20, 538, 1928) point out 
that there is a critical value above which sensitivity de- 
creases. Sadusk and Ball (Ind. Eng. Chem. Anal. Ed. 
5, 386, 1933) give 0.4 gm potassium iodide per 200 ml of 
solution as the optimum value. Ifthe method described 
by Messrs Yoder and Dresher be followed, an amount of 
potassium iodide of the order of 0.1 gm per 200 ml is used. 
This would indicate that Mr. Alfano’s recommendation 
is justified and more potassium iodide should be added, 
but the addition of two grams might be excessive. This 
suggests another point to be studied. 


When using the Winkler test analysts take great pre- 
cautions to draw the sample and add the reagents in a 
manner which will not expose the sample to the air and 
the danger of contamination by oxygen. After the acid 
has been added and the iodine liberated, the sample is 
said to be fixed and it is generally believed that there is no 
further need of guarding against contamination. The 
statement made by Mr. Alfano that this is not quite true 
will no doubt surprise many readers, but he has pointed 
out that one must also control the hydrogen ion concen- 
tration of the final sample, because in strongly acid solu- 
tions the oxygen of the air will liberate iodine from the 
residual iodide.. As a precaution in this matter, and also 
to guard against excessive hydrolysis of the starch to 
dextrins, he has specified a minimum pH value of 3.0. 
Sadusk and Ball (loc. cit.) made a study of the effect of 
acidity on the iodine titration, and while they do not 
agree with Alfano on a minimum pH value of 3.0, it may 
be informative to review their work very briefly. 
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They say that the oxidation of hydriodic acid by 
atmospheric oxygen is the objectionable feature and 
since the reaction 


H++I1- = HI 


is reversible, the acid and iodide content should be as low 
as possible. On the other hand, the solution should have 
requisite acidity and iodide for the reaction, 


I0;— + 5I- + 6H* = 31; + 3H20 


to go to completion. 


From their experiments they concluded that the acid 
normality should be at least 0.02 to carry the second 
reaction to completion, but that if it is greater than 0.1 
there is a material increase in the thiosulphate titer from 
the oxidation of hydriodic acid formed by the first reac- 
tion. Therefore, they specify a pH value of between 1.0 
and 2.0 which according to Alfano would be too low. 
It would be interesting to see the results of a study such 
as that of Sadusk and Ball carried out with the regular 
Winkler oxygen test in order that it may be learned if, 
and to what extent, careful pH control must be employed 
in practical analyses of feed water or other industrial 
waters. 


Messrs. Yoder and Dresher, after an extended study of 
starches, concluded that, while the insoluble root starches 
are slightly more sensitive to iodine than the soluble 
starches, still some of the latter are preferable, as the 
absorption of iodine by the insoluble starch particles 
makes it necessary to add additional thiosulphate to 
remove the blue color from the solution, thereby giving 
high results. We have found that we can use potato 
starch without obtaining blue particles floating in the 
solution when we make it up by mixing 4% gram of 
starch to a paste with water, adding it dropwise with 
constant stirring to 200 ml of boiling water, and continu- 
ing boiling for 15 minutes. Unless this last step is taken 
blue particles are found. We tested this starch by the 
filtration method of Yoder and Dresher and found that 
if it is made up as described it corresponds to 1 on their 
solubility rating scale; but if boiling is not continued 
after adding the starch to the water the blue solution 
contains a flocculent precipitate resembling aluminum 
hydroxide and the solubility rating is about 5. We also 
have found soluble starches to be quite insensitive and, 
although we have not made a study of the subject, we 
have found that we could get a definite blue color with 
potato starch when soluble starch gave no color, or a very 
indefinite slight pinkish blue tint. This was noticed very 
clearly in some analyses of atmospheric air for sulphur 
dioxide after the method of Griffin and Skinner (Jnd. 
Eng. Chem. 24, 8, 862, 1932) in which an absorbing 
solution was made up to contain iodine and starch, 
soluble starch being used. The absorbent, which was 
very dilute with respect to iodine, was not colored blue 
even before the air containing sulphur dioxide was 
metered through it. Potato starch, not made up in the 
absorbent, but added separately at the time of titration, 
gave a deep blue color. In order that duplicate samples 
would check each other closely, it was necessary to add 
a carefully measured amount of starch each time. The 
amount of iodine titrated in these air analyses would 
correspond to about 0.05 ml oxygen per liter in the Wink- 
ler test. It might be added that potato starch, which is 
classified as an insoluble starch, fulfills the definition of 
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solubility according to Yoder and Dresher when made 
up as described here. Also, in order to get a sensitivity 
of 0.01 ml of oxygen per liter with 0.01 N thiosulphate a 
burette with a narrow bore that can be read closer than 
0.05 ml must be employed. 

In the analysis of raw waters one is generally not con- 
cerned with greater precision than a couple of tenths of a 
milliliter per liter of dissolved oxygen, and can there- 
fore ignore the error caused by the oxygen added with 
the reagents. In precise determinations of small 
amounts of oxygen, however, it is necessary to remember 
that the reagents themselves contain oxygen, and some 
might also add that the reduction of the original volume 
by overflow must be considered. Yoder and Dresher 
found experimentally that the addition of the reagents 
to water add oxygen of the magnitude of 0.015 ml per 
liter. This agrees with Alfano’s statement that while 
oxygen is added because the reagents contain oxygen, 
due to the fact that they are strong solutions, the solu- 
bility of oxygen in them is less than in pure water. To 
the writers this is surprising, and offhand we would expect 
that the solubility would not be dependent upon the salt 
concentration, but that the reagent would have the 
same saturation value as pure water. As this may be 
important in dealing with other industrial solutions than 
feedwater it would be a useful point of information to see 
the theoretical basis of Alfano’s statement. That the 
fugacity of oxygen in the system oxygen-manganous 
chloride solution would be different from that in the 
system oxygen-pure water might be expected, but that 
it would be sufficiently different to be of practical 
significance in the oxygen solubility is interesting. It 
would have been beyond the scope of his paper for 
Alfano to develop this subject farther than he did, but it 
is regrettable that he did not supply a reference to the 
literature. 

Both of these articles have appeared at a very oppor- 
tune time when greater accuracy in the determination of 
oxygen in feedwater is the concern of all power plant 
technicians. They will be read with great interest by 
those who are engaged in this work, and at a time when 
the professional societies are trying to arrive at a recom- 
mended procedure they will suggest several matters for 
official consideration. May we repeat in closing that 
what we have said is said with no attempt at antagonism, 
but rather with the feeling that the authors under dis- 
cussion will regard these remarks as offered in all friend- 
liness in an endeavor to cooperate with them in raising the 
somewhat new field of power plant chemistry to as high a 
scientific plane as possible. 





Research on Anthracite 


Mellon Institute of Industrial Research has announced 
that the multiple industrial fellowship on anthracite, es- 
tablished in that institution by the Philadelphia and 
Reading Coal and Iron Company in 1932, has been 
continuing, under Dr. H. J. Rose, senior fellow, its broad 
program of research on problems relating to the anthra- 
cite industry. So far this work has included studies of 
the chemical and physical properties of anthracite, new 
industrial uses and economic investigations. During 
the past year a spectrographic examination of anthracite 
from various seams and collieries was completed. 
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BiLECTRUNITE Boiler Tubes last longer because 
they are more resistant to corrosion. And they 
resist corrosion for these reasons: the strip steel from 
which they are made is free from scabs, slivers and 
rolled-in scale. The surface of the tube is smooth in- 
side and outside. Full-normalizing produces a uniform 
grain structure, even at the weld. The rolling of the 
strip gives the tube a dense surface inside and out. 





These features mean a slower rate of corrosive attack, 
retarded pitting action and longer life. Yet these are 
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makers, contractors and users. Complete literature 
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Meyer, Adolph 


Velox Steam Generator, The................. (May 1934) 
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Fusion Characteristics of Fractionated Coal Ashes........ 
(Oct. 1933) 


Muir, James F. 
Oil Firing in Pulverized Coal Furnaces... .(June-July 1933) 
Mumford, A. R. 
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Manufacture and Marketing of Steam in Manhattan..... 
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New, Winston R. 
Measurement of Nozzle Efficiency............. (May 1934) 
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Offer, Louis A. 
Power and Heat Cost Analysis for Industrial Plants...... 
(Dec. 1933) 


Partridge, Everett P. 
Solubility of Sodium Sulphate and Embrittlement—Ab- 
OSLO, SESE O TET (Dec. 1933) 
Patterson, W. S. 
Air Leakage in Steam Generating Units. Part 1(Feb. 1934) 
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Design Features of the Port Washington Power Plant..... 
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Performance of the Gilbert Station............ (April 1934) 


Powell, Sheppard T. 
A Critical Study of Boiler Scales and Advanced Methods of 


Analyses and Identification................ (Sept. 1933) 
Corrosion in Steam Generating Stations and Its Correction. 
(Jan. 1934) 

Purdy, A. C. 
Discussion on ‘‘New Navy Compound’’........ (Jan. 1934) 
Water Conditions and Related Problems of Marine Boiler 
ee ee ne Te rere. (Feb. 1934) 


Ramsey, George 
Patents. Parts 11 to 15......... (Sept. 1933-April 1934) 
See Patents—Article Index 
Rice, Cyrus W. 


Discussion on ‘‘New Navy Compound’’........ (Jan. 1934) 
“Natural Silicates—Their Deposition as Objectionable 
Formations Within Boilers”’.............. (June 1934) 
Rice, Calvin W. 
DERE WON DRONE. 6... cose sen cawseseanaucee (May 1934) 


Rosencrants, F. H. 
Heat Cycles and Their Relative Efficiencies. . . .(April 1934) 


Schmidt, Dr.-Ing. Ernst 
Experiments Regarding Circulation in Vertical-Tube Boilers 


(Aug. 1933) 
Schrenk, L. J. 
Making Garbage Light City Streets........... (Feb. 1934) 
Schroeder, W. C. 
Solubility of Sodium Sulphate and Embrittlement—Ab- 


DE cinch anVebiisdikukin nee nee ne une (Dec. 1933) 
Scott, C. E. 

Removal of Sulphur Dioxide in Flue Gas..... . (Mar. 1934) 
Scott, G. S. 
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Burning Characteristics of Pulverized Coals and the Radia- 
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Mlectese Sten BoM... occ civic sc vassee eee (Oct. 1933) 


Solberg, Thorvald A. 
A New Boiler-Water Treatment for the U. S. Navy....... 
(Dec. 1933) 
Stern, Arthur C. 
Measurement and Properties of Cinders and Fly-Ash, The 
(June-July 1933) 


Tenney, E. H. 
Standby and Reserve Operation of a Pulverized Fuel Plant 
(Aug. 1933) 
Thompson, P. W. 
High-Temperature Steam Experience at Detroit.......... 
(Nov. 1933) 
Turner, H. G. 
Anthracite as a Filter Medium............... (May 1934) 


Van Duzer, R. M., Jr. 
High-Temperature Steam Experience at Detroit.......... 
(Nov. 1933) 


Yellott, John I., Jr. 


supersaturated Steam... ...cccccccsccseccs (Nov. 1933) 
Yoder, J. D. 
Winkler Test for Determining Oxygen in Boiler Feed Water, 
< Laue eee re ee ee Renee | (April 1934) 
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EQUIPMENT SALES 
Boiler, Stoker, Pulverized Fuel 


As reported by equipment manufacturers of the 
Department of Commerce, Bureau of the Census 








Boiler Sales 


Orders for 165 water-tube and h.r.t. boilers were placed in 
March and April 





Number Square Feet 
re ee eT rte ere 61 248,920 
PE 65k 65:05 640 5d COKE ET ECODSRETESLELS 104 320,501 
January to April (inclusive, 1934)............ee0008 263 854,416 
PE SEE cacbstNGebwksiansbeonreseseeeas 178 518,123 





NEW ORDERS, BY KIND, PLACED IN MARCH AND APRIL, 1933-1934 
March, 1933 April, 1933 March, 1934 April, 1934 


» # 


Num- Square Num- Square 





Num- Square Num- Square 


Kind ber Feet ber Feet ber Feet ber Feet 
Stationary: 
Water 
tube.... 40 151,580 34 112,394 40 219,640 70 273,081 
Horizontal 
return 
tubular 15 19,318 32 38,555 21 29,280 34 47,420 
55 170,898 66 150,949 61 248,920 104 320,501 





Mechanical Stoker Sales 


Orders for 192 stokers, Class 4,* totaling 51,919 hp were 
placed in March and April by 60 manufacturers 





Installed under 





” Fire-tube Boilers Water-tube Boilers 





No. Horsepower No. Horsepower 
rere 62 9,110 43 18,459 
Ce eee 48 5,640 39 18,710 
January to April (inclusive, 
cecesecesccccseseeces 259 32,985 130 57,001 
Same period, 1933............ 190 25,891 87 30,226 





* Capacity over 300 lb of coal per hr. 


Pulverized Fuel Equipment Sales 


Orders for 21 pulverizers with a total capacity of 232,610 
lb per hr were placed in March and April 


STORAGE SYSTEM 

















Pulverizers Water-tube Boilers 
2 m7 
e. 3 89 
28 2& gg 8 
an) >& oe Cua 
7] aa 5 on 8 23 as 
2 e822 Ys —— aa 
a od ‘K aw 2 vo 2 
bf - n e Sw io o.8 3 
r=] Bo & og oO av 2o 
= ov 9° at 2 eG pad 
38s @ ft a 6 
i) ob Oo os 3 ° 
& 224 6&8 4% B88 4&8 
DEON, TOR i ncckicccccce aie es os'es ee coos ee 
bis 556 noo 1 1 46,000 
January to April (inclu- 
sive, 1934) Waiens soeU ee 1 1 46,000... eee0 hae 
Same period, 1933........ mr Nee 2 60,000 2 37,000 325,000 
DIRECT FIRED OR UNIT SYSTEM 
Pulverizers Water-tube Boilers 
Migtch, TGR. .ccccsisesonss 5 5 .. 102,500 2 49,478 670,000 
April, 1934...... abe e ince a .. 12 6 6 81,710 9 £88,291 887,500 
January to April (inclusive, 
DOB) cncccrecccvccrsccss 27 18 9 240,210 19 192,475 2,006,700 
Same period, 1933........... 20 14 6 100,650 14 105,658 939,140 
Fire-tube Boilers 
March, 1034........00sseee se te She ne ar eiten ‘Choice 
April, 1934...... ees bene S « @ 2,400 3 4,500 20,500 
January to April (inclusive, 
TOBE). ns cree ciccccccccece 4 4,800 5 7,500 41,000 
Same period, 1933........... 4 2 32 3,950 4 5,150 26,300 
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NEW EQUIPMENT 


of interest to steam plant engineers 





Portable Gas Calorimeter 


A portable calorimeter for determining 
the heating value of gases has just been 
brought out by The Hays Corporation of 
Michigan City, Ind. A small sample of 
the gas, 5 to 25 cu cm is mixed with air 
and exploded in a calibrated burette. 
The heat produced by the mild explosion 
is absorbed by the surrounding liquid 
which expands and gives the reading on 
the calibrated capillary tube. The design 
is such that a parallel test is carried out 
with a gas of known heating value, 
namely, oxygen and hydrogen which is 
generated in the instrument by the elec- 
trolytic dissociation of water. Since the 
two samples are tested under the same 
conditions no corrections are necessary 
and the result is obtained by a simple 
calculation. Five minutes are required 
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for the first test on any particular day and 
one or two minutes for subsequent tests. 
As shown in the illustration, the upper 
end of the explosion burette carries a 
three-way cock through which gas and air 
are admitted, and at the lower end is a 
shut-off cock. The burette contains plati- 
num electrodes which serve to explode 
the mixture to be tested and also for the 
generation of oxy-hydrogen mixture. A 
surrounding jacket contains the calori- 
metric liquid, and this, in turn, connects 
with the capillary tube carrying the scale. 
A regulating device is provided for estab- 
lishing a zero reading. ‘The electric light 
facilitates reading the scale and the explo- 
sions are set off by pressing a push-button. 


““Straight-Through’”’ Valve 


The Edward Valve & Mfg. Co., Inc., 
East Chicago, Indiana, has brought out 
a novel forged-steel valve which is finding 
numerous applications in industrial service 
as well as in the refinery field, for which 
it was originally designed. This is known 
as a “straight-through” valve, being 
somewhat similar in characteristics, as 
far as straight line flow is concerned, to a 
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gate valve. Instead of a wedge disk, the 
disk is a truncated cone swiveling on the 
end of the stem. The valve is made in 
sizes from !/, to 1 in. and fulfills the 
functions of a gate valve in the smaller 
size range. It is largely used on instru- 





ment lines, for{which it is well suited by 
reason of its sturdy construction. It is 
rated for 2500 lb hydraulic pressure at 
room temperature and 600 lb wsp at 750 
F. Carbon steel, stainless steel and 
“18-8” alloy are the standard materials in 
which it is furnished. The inside screw 
type of bonnet is found to possess sub- 
stantial advantages for high pressure 
service due to the fact that lower packing 
pressures are necessary to maintain a 
pressure tight joint in the stuffing box 
when the stuffing box is located at the 
upper end of the bonnet. 


Automatic Combustion 
Control 


For use with gas-fired boilers operating 
under natural or induced draft and fired 
with atmospheric gas _ burners, the Denver 


STEAM PRESSURE CONTROL BEAM 


Fire Clay Company of Denver, Colo., 
has recently brought out a new design of 


automatic combustion control. It is of 
the proportioning type, maintaining a 
definite relation between the steam output 
and the fuel input, also between the quan- 
tities of fuel and air passing into furnace. 

Referring to the illustration, the instru- 
ment case contains two beams mounted 
on anti-friction bearings at A and B. The 
opposite ends of the beams are between 
electric contacts C and D, E and F. 
Under each beam are two pressure ele- 
ments. Elements G and H operate the 
upper and J and J the lower beam. The 
position of elements H and I is adjustable 
with relation to the beam fulcrum as are 
the weights M and K. The upper, or 
steam-pressure control beam, maintains 
the steam pressure by controlling the 
fuel input. The lower, or draft-control 
beam, controls the air by regulating the 
damper. 

When the boiler is operating at its 
normal load and with the steam pressure 
normal, this beam is balanced and both 
contacts C and D are open. If the steam 
demand increases, resulting in a slight 
drop in steam pressure, the pressure in 
element G, which is connected to the 
steam header, is relieved. This allows the 
beam to move downward and close con- 
tact D. The closing of this contact oper- 
ates the motorized gas valve, opening it, 
and increasing the fuel input. 

Pressure element H is connected to the 
burner manifold. When the gas valve 
opens, increasing the pressure in the 
manifold, this element expands, thereby 
balancing the beam between the contacts. 
This operation continues until the fuel 
input is increased sufficiently to provide 
for the increased steam demand. In case 
of a decreasing steam demand this opera- 
tion will be reversed. 

When the fuel input is increased, due to 
an increase in steam demand, element J, 
which is connected to the burner mani- 
fold, expands, disturbing the balance of 
the draft-control beam, and closing contact 
E. This contact, through suitable relays, 
starts the damper-operating mechanism, 
opening the damper and increasing the 
furnace draft. J is an oil-sealed pressure 
element connected to the boiler furnace 
over the fire. The increased negative 
pressure within this element, due to the 
higher draft, off-sets the increased positive 
pressure in element J and again balances 
the beam between the contacts E and F. 
In the case of a decreasing steam demand 
this operation will likewise be reversed. 


DRAFT CONTROL BEAM 





TO SWITCH CASE 





TO GAS STEAM NEADER 
DRAFT CONNECTION 














ENGINEERING BOOKS 





Any Book in Print May be Ordered 
Through Our Book Department— 
Use Order Form on this Page 








1—Vocational Guidance in 
Engineering Lines 


521 pages 6x9 $2.50 
A compilation of chapters written by 
engineering experts has just been pub- 
lished by a special committee of the 
American Association of Engineers under 
the chairmanship of Dr. J. A. L. Waddell. 
Each chapter is the work of a man who is 
outstanding in his particular branch of 
engineering, and each tells in a non- 
technical way of the nature of that kind of 
engineering, of the qualifications necessary 
for success in that particular line of work, 
and of the probable or average compensa- 
tion to be expected. 

While engineering accomplishment is 
featured, it is frankly pointed out that ‘‘of 
the hundreds who faithfully devote them- 
selves to the task, only a few are destined 
to receive any significant reward—in 
either money or fame.’”’ Because of this, 
it requires the maximum of natural apti- 
tude and of liking for the work, and those 
who do not possess a thorough ground in 
mathematics and physics are advised 
against taking up an engineering course. 

The book is unique. It is authoritative 
and should be carefully read by all high- 
school students who contemplate engineer- 
ing as a ca.er. Parents and teachers 
will find it not only informative but of 
invaluable assistance in guiding the stu- 
dent and judging his fitness. 


2-Power Plant Management 


By Walter N. Polakov 
Price $2.00 


This book offers information of consider- 
able value to those concerned with the 
Management or supervision of power 
plants, and will help to solve many prob- 
lems. 

Today, power plant cost comes next to 
payroll as an expense item in textile finish- 
ing, paper products, food industries and 
other enterprises. In the application of 
efficient methods—checking layouts, costs, 
waste, etc.—in the generation, distribution, 
and utilization of power, and especially in 
the scientific organization of the human 
element, savings of tens and hundreds of 
thousands of dollars are possible. It is to 
show management’s place in creating these 
savings—to outline the simple proceedings 
necessary for the typical power plant, large 
or small—that this book was planned. 


171 pages 


3—Chemical Engineers’ Hand- 
book 


By Dr. John H. Perry and W. S. Calcott 
Assisted by a staff of specialists 


2609 pages 5x7 Price $9.00 


A handbook for the practicing engineer 
in the field of chemical and process indus- 
tries. In this field it forms a companion 
treatise to Marks in the mechanical engi- 
neering field. Sixty-three specialists in 
various branches have contributed to the 
thirty sections of the book. Mechanical 
and electrical engineering, such as power 
generation and application, transmission, 
fuels, refrigeration, materials of construc- 
tion, etc., are dealt with to the extent of 
acquainting the chemical engineer with 
fundamentals, types and performance to 
be expected. Conversely, the mechanical 
engineer will find the book of great as- 
sistance in affording a knowledge of proc- 
esses that utilize the services for which 
he is responsible. 


4—Handbook of Chemistry and 
Physics (Eighteenth Edition) 


1818 pages 41/, x 63/, Price $6.00 
For twenty years the Handbook of Chemis- 
try and Physics has been giving a unique 
service to those in need of accurate tables, 
formulas and scientific data in a single con- 
venient volume. 

The Eighteenth Edition of this hand- 
book represents a 20-year accumulation of 
necessary data for the busy scientist and 
engineer that is not only acceptable but 
highly essential in the commercial, edu- 
cational and research laboratory. 


5—Combustion in the Power 
Plant (A Coal Burner’s 
Manual) 


By T. A. Marsh 
255 pages Price $2.00 


The author’s discussion of coals and com- 
bustion is simple and understandable. His 
consideration of equipment—stokers, boil- 
ers, furnaces, fans and auxiliaries—is 
thoroughly practical. He tells how to 
select a stoker for the best available coal; 
how to design furnaces and arches; how to 
analyze draft problems and design chim- 
neys, gas flues and boiler passes; how to 
purchase coal and calculate steam costs. 
He gives to every phase of his subject a 


aommmeee FILL INAND MAIL THIS COUPON sueaasuazsuus 


Postage prepaid in the United States on all orders accompanied by remittance or amounting to 
five dollars or over 


COMBUSTION PUBLISHING COMPANY, INC. 


200 Madison Avenue, New York. 


Enclosed find check for $......... 


books listed by number 
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practical interpretation that makes this 
book of exceptional value to men actually 
identified with steam plant design and 
operation. 


6—Bailey’s Handbook of Uni- 
versal Questions and An- 
swers (Sixth Edition) 


264 pages 43/,x 6/2 Price $2.00 
The questions and answers contained in 
this Handbook are those that have been 
universally asked by examining boards 
and were compiled from over four hundred 
examination papers, including tests for 
firemen, engineers and boiler inspectors. 
It gives information on the subjects of 
boilers, pumps, fuel consumption, valves, 
heating systems, engines, etc., and will be 
of assistance not only to those studying 
for any grade of license in this country or 
in Canada but also to the practical en- 
gineer and fireman. 

The author, A. R. Bailey, is intimately 
acquainted with the needs of practical 
engineers and firemen and of candidates 
for licenses, having served as engineer and 
boiler inspector in the states of Massa- 
chusetts, Ohio, Pennsylvania and Michi- 
gan, and as safety engineer for the Lincoln 
Motor Company, Detroit. The sixth edi- 
tion of this book, recently published, has 
been brought thoroughly up to date. 


7—World Economic Survey 
(1932-33) 


345 pages 61/,x9!/_ Price: cloth 


bound $2.00, paper bound $1.50 
The World Economic Survey 1932-33 is the 
second volume of an annual series issued by 
the League of Nations. The information 
it contains was collected from all over the 
world by the Economic Intelligence Ser- 
vice of the League, and it therefore pro- 
vides an authoritative survey of what per- 
haps was the most critical year in world 
economic history. 


8—The Calculation of Heat 
Transmission 
By Margaret Fishenden and Owen A. 
Saunders 
280 pages 53/, x 93/4 Price $3.00 


The Calculation of Heat Transmission by 
Dr. Margaret Fishenden and Owen A. 
Saunders of England was prepared under 
the auspices of the Fuel Research Board of 
the Department of Scientific and Indus- 
trial Research. In it an attempt is made 
to bring together in accessible form the 
various experimental results described in 
the mass of scattered literature now avail- 
able on the subject. Complicated theory 
and specialized technical applications have 
been avoided, but, wherever feasible, re- 
sults have been interpreted and compared 


_in the light of fundamental principles of 


conduction, convection and radiation. 

The main chapter headings are as fol- 
lows: Radiation; Calculation of Radia- 
tion Heat Transfer; Emission and Ab- 
sorption of Radiation by Gases and 
Flames; Conduction; Calculation of Con- 
duction Heat Transfer; Convection; Natu- 
ral Convection in Gases; Forced Convec- 
tion in Gases; Convection in Liquids; 
Heat Transfer Calculations. 








Operates on the dis- 
placement principle 
with solid weights — 


has no floats. 


Inclined gage glass for 
easy reading of high 


boiler water levels. 


Made of gray iron 
and forged steel in 
types for low and 
high pressures. 

Send for Booklet WG-1802. 
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BOUND VOLUME 1 I+ is full time to shift to forged steel for small 


valves and cast steel for larger valves. It takes 





steel to stand the gaff. No danger of twisting 


| off a valve stem.or fracturing a threaded joint 
i when steel is used. And when you specify steel 


valves, specify Edward. Quality is controlled in 





the Edward shops by knowledge gained through 


NUMBER FIVE (June-July 1933 to June 1934) years of experience with hard service. Good 





workmanship under modern production methods 


is based on proper tools. For use with modern, 


Tue June, 1934, issue will complete Volume V 
of COMBUSTION. : aig , 
designed and built in Edward’s own tool shops. 


Place an order aaa for your bound copy. The Thus the Edward reputation is maintained. 
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"FOREN PROCESS" sorte ruses 
EXCLUSIVELY MANUFACTURED BY GLOBE STEEL TUBES COMPANY 


oa 


‘ “FOREN PROCESS” TUBES The latest and most rev- ORDINARY TUBES 


1s Gaston to relhan (ne olutionary development 







1-Harder to roll in... 










a-Even wall in the seamless steel @- Uneven wall 

b-No excess metal _ ° . b - Excess metal 

c= Will stand severe | tubing industry. Pro- ¢ ~ Danger of 
deformation . cracks 


duced by the new 
“Foren Process” —ex- 
clusively manufactured 
by the Globe Steel 
Tubes Company. 


“FOREN PROCESS” 
P = No Scores... Tubes have — Fins, Scratches ... 


a ~ Smooth inside finish standing advantages a — Rough inside finish 
é b-No danger of splitting over ordinary seamless . — b=Danger of splitting 


oo ¢-Retards corrosion ° ¢ - Encourages corrosion 
ececoul ee : _ steel boiler tubes. 








2- Scores, 











Hot rolled seamless steel tubes with smooth outside and inside surfaces — either straight or bent. 
Present size range up to 314” outside diameter. 


Buy Globe “FOREN PROCESS” Seamless Boiler Tubes — They COST NO MORE than ordinary tubes 
For detailed information write: 


GLOBE STEEL TUBES CO., Mills and General Offices: MILWAUKEE, WIS. 


STAINLESS STEELS 
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New GARFIELD Plant 


uses Ingersoll-Rand 
Condensers and Feed Pumps 














plant. 






















Exterior view of the ultra-modern Garfield, 
N. J., Plant of the Forstmann Woolen Company. 


RR 


Ingersoll-Rand Surface Condensers have estab- 
lished notable records for efficient and reliable 
service in industrial plants throughout the country. 
They are built in sizes from 200 to 160,000 kw. 
At the right is one of the three I-R condensers 
installed in the Garfield plant. 

















Because it embodies the finest principles known to the 
power engineering profession in designand equipment, 
the new high-pressure power plant of the Forstmann 
Woolen Co. at Garfield, N. J., is regarded as one of the 
most outstanding industrial power plants in America. 


It is therefore a particular tribute to Ingersoll-Rand per- 
formance standards that three Ingersoll-Rand Surface Con- 
densers and three Cameron Multi-Stage Centrifugal Boiler- 
Feed Pumps were installed in this ultra-modern textile power 


Two of the Ingersoll-Rand Condensers serve 
2000 kw. and 2500 kw. turbine units, and are 
of the two-pass horizontal surface type with 
external air coolers, steam jet air ejectors 
and surface type inter- and after-condensers. 
The third Ingersoll-Rand Condenser is a two- 
pass horizontal surface type of smaller size 
and serves a 300 kw. unit. 


Two of the Cameron Multi-Stage Boiler-Feed 
Pumps are 200 ¢g.p.m., 5-stage turbine-driven 
units. The third Cameron is a motor-driven, 
4-stage unit delivering 300 ¢.p.m. at 630 Ib. 


Write today for latest bulletins describing 
Ingersoll-Rand Condensers, Centrifugal 
Pumps, Air Compressors and other power 
plant equipment. 


38-10 


11 BROADWAY, NEW YORK 


Ing ersoll-Rand 









COMBUSTION 


“How often do you need 
to turbine your boilers?” 


Ty, Zz 


EK haven't used the tur- 

bine for nearly a year al- 
though formerly we turbined 
every two months.” 





“What made such a sudden 
change?” 

“We installed the Naleo System 
of boiler water treating that 
prevents the formation of 
scale even when the raw water 
changes from day to day or 
month to month. It has saved 
us a lot of money.” 








The first step to such labor 
savings (and all the other ad- 
vantages of properly treated 
boiler water) is to sign and 
mail the coupon below. 


SODIUM ALUMINATE (alco System) 


NATIONAL ALUMINATE CORPORATION 
6234 W. 66th Place, Clearing Sta., Chicago, Ill. MEMBER 





(C0 Send me your free booklet, ‘Standardized Feedwater Treatment.”’ Us. Company 


( Have an engineer make a feedwater survey of my plant. hy cnet Address 
This does not obligate me in any way. 


C0 Give me names of nearby Nalco users or companies with plants 
similar to mine. 
awe eee ee ew se ew we ee Ow mem ee ew ewe eee we we ee ew eer es es 


There's a Nalco representative near you. (The Flox Co., Minneapolis, Minn., exclusive representatives in the Northwest) 











